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PREFACE 

Th i s  i s  t h e  r e p o r t  of r e s e a r c h  a c t i v i t i e s  du r ing  t h e  

peri-od June  1, 1968,  throuqh Novanber 30, 1968,  i n  t h e  p r o j e c t  

Environmental Microbiology as  R e l a t e d  t o  P l a n e t a r y  Q u a r a n t i n e ,  

an a c t i v i t y  of t h e  Environmental Heal th  Div i s ion ,  School of 

Fub l i c  Hea l th ,  U n i v e r s i t y  of Minnesota and t h e  Nat iona l  

Aeronaut ics  and Space Adminis t ra t ion .  

T h i s  i s  t h e  f i r s t  p r o g r e s s  r e p o r t  on NASA b r a n t  

TJumber NtiL 24-005-160. Th i s  i s  a con t inu ing  s tudy;  however, 

f o r  a d m i n i s t r a t i v e  purpo'ses on June  1, 1968, there  w a s  a 

change i n  p r o j e c t  number. T h e  p rev ious  work w a s  conducted 

under NASA Grant  Number NGL 24-005-063 e 

The o v e r a l l  o b j e c t i v e  of t h e s e  s t u d i e s  i n  Environ- 

mental  Microbiology as  Related t o  P l a n e t a r y  Q u a r a n t i n e  i s  

t o  g a t h e r  d a t a  t h a t  w i l l  a s s i s t  i n  deve loping  s p e c i f i c a t i o n s  

to  d c s i g n ,  b u i l d  and s t e r i l i z e  p l a n e t a r y  e x p l o r a t i o n  hardware 

which  w i l l  m e e k  t h e  I n t e r n a t i o n a l  Committee on Space Research 

k h c  mcasurement of d r y  h e a t  d e s t r u c t i o n  r a t e s  a t  s t e r i l i z a -  

t ior!  t empera tu res  and t h e  d e t e c t i o n  of microorganisms on 

s u r f a c e s  us ing  chemical approaches.  
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To design the final dry heat sterilization cycle for 

spacecraft hardware it is necessary to know the number of 

dry heat resistant organisms. Since the required lethality 

of the sterilization cycle is a function of the number of 

dry heat resistant microorganisms on the space hardware 

at the time of sterilization, it would be advantageous to 

be able to reduce the number 04 resistant microorganisms. 

The studies in this project were directed toward developing 

a 

an understanding of the behavior of dry heat resistant 

microorganisms at ambient conditions so that we are better 

able to predict the number of microorganisms on the space 

hardware at the time of terminal sterilization. Understanding 

the behavior of these microorganisms may permit us to re- 

commend alterations in spacecraft manufacturing conditions 

which will reduce the final number of microorganisms on the 

spacecraft . 
The final dry heat terminal sterilization cycle 

will be based on a dry heat destruction rate. When dry 

heat sterilization studies were initiated several years ago 

it was thought that only one destruction or D-value would 

be required and that this value would be relatively 

easily obtained since dry heat was thought to be a rather 

simple destruction process. We now recognize that the dry 

heat destruction of microorganisms is a very complex process. 

There are three major variables in dry heat destruction - 
time, temperature, and the water content of the microorganisms 
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dur ing  t h e  h e a t i n g  p e r i o d .  The water  c o n t e n t  v a r i a b l e  i s  

uriiqucl and impor t an t  s i n c e  i t  means t h a t  t h e  d e s t r u c t i o n  

r a t e  of microorganisms on t h e  s p a c e c r a f t  w i l l  be determined 

by t h e  r e l a t i v e  l o c a t i o n  of t h e s e  microorganisms. Also, 

t h e  d e s t r u c t i o n  r a t e  of microorganisms on s u r f a c e s  and i n  

mated s u r f a c e  areas w i l l  be a f f e c t e d  by t h e  water  c o n t e n t  of 

t h e  gas  sur rounding  t h e  space v e h i c l e  du r ing  t e r m i n a l  s ter i -  

l i z a t i o n ,  During t h e  p a s t  s i x  months, w e  have been a c t i v e l y  

working t o  develop d r y  h e a t  d e s t r u c t i o n  r a t e  v a l u e s  f o r  

microorgmisms i n  mated s u r f a c e  areas. T h e s e  v a l u e s  a r e  

badly  needed f o r  t h e  19\73 Mars miss ion .  I n  a d d i t i o n  t o  

s p e c i f i c  d e s t r u c t i o n  ra tes  w e  are  also i n t e r e s t e d  i n  de- 

ve lop ing  a b e t t e r  unde r s t and ing  of d r y  h e a t  d e s t r u c t i o n  

r a t e s  of microorganisms and s p e c i f i c a l l y  t h e  r o l e  of water 

a s  i t  a f f e c t s  t h e s e  d e s t r u c t i o n  ra tes .  

The normal method of a s say ing  f o r  m i c r o b i a l  l i f e  i s  

a b i o l o g i c a l  c u l t u r e  system. There are many problems asso-  

c ia ted  w i t h  a s say ing  s u r f a c e s  f o r  m i c r o b i a l  con tamina t ion ;  

t h e  organisms must be mechanica l ly  removed through a swabbing 

o r  vacuum probe system and then  c o l l e c t e d  and al lowed t o  

grow o u t  on s o l i d  o r  i n  l i q u i d  media. It i s  p o s s i b l e  t h a t  

some of t h e s e  problems could  be  e l imina ted  i f  w e  were able  

t o  ana lyze  f o r  m i c r o b i a l  contaminat ion  us ing  chemical  methods. 

The s t u d i e s  i n  t h i s  p r o j e c t  on chemical  methods of d e t e r -  

mining t h e  number of  microorganisms on s u r f a c e s  are  directed 

toward developing  methods which w i l l  a l l o w  u s  t o  a s s a y  l o w  
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l e v e l s  of contaminat ion  on space  hardware u s i n g  chemica l  

methods. 

I n  t h i s  r e p o r t  on ly  t h e  s tudy  d e a l i n g  wi th  s u r v i v a l  

of B a c i l l u s  s u b t i l i s  v a r .  n i q e r  Spores  i n  a c o n t r o l l e d  a i r  

stream i s  new. The s tudy  e n t i t l e d  t lSu rv iva l  of B a c i l l u s  

--- 

s u b t i l i s  v a r ,  n i q e r  Spores  a t  Temperatures B e l o w  60°C1+ i s  

a c o n t i n u a t i o n  of t h e  s tudy  i n  t h e  r e p o r t  cove r ing  t h e  p e r i o d  

3ecember 1, 1967,  th rough May 31 ,  1968,  which w a s  e n t i t l e d  

"Die-off of Microbial  Contaminat ionft .  The s t u d y  e n t i t l e d  

llBehavior of B a c i l l u s  s u b t i l i s  v a r .  n i g e r  Spores"  i s ,  i n  

g e n e r a l ,  a c o n t i n u a t i o n  of  work p r e v i o u s l y  r e p o r t e d  under  
\ 

t h e  t i t l e  " E f f e c t s  of Heat F ix ing  and E q u i l i b r a t i o n  on 

- B a c i l l u s  s u S t i l i s  v a r .  n i g e r  Spores". " E f f e c t s  of  Humidity, 

Loca t ion ,  Su r face  F i n i s h ,  and S e p a r a t o r  Thickness  on t h e  

Heat D e s t r u c t i o n  of Baci l las  s u b t i l i s  v a r .  n i g e r  Spores  

Located Between Mated Surfaces"  i s  a c o n t i n u a t i o n  of t h e  

s t u d i e s  e n t i t l e d  " S t u d i e s  of  A t t r i b u t e s  of Mated S u r f a c e s  

T h a t  May A f f e c t  t h e  H e a t  D e s t r u c t i o n  o f  Microorganisms 

Located i n  Those Areas" which was a c h a p t e r  i n  t h e  p r e v i o u s  

r e p o r t ,  The s tudy  on l lDe tec t ion  of Low Leve l s  of Micro- 

b i a l  Contamination on S u r f a c e s  by Chemical Approaches" i s  

a c o n t i n u a t i o n  of  t h e  s tudy  which w a s  p r e v i o u s l y  r e p o r t e d  

under t h e  same t i t l e .  

During t h e  n e x t  s i x  month p e r i o d  all f i v e  s t u d i e s  

covered i n  t h i s  r e p o r t  w i l l  be cont inued  a l though  there  may 

be some small  changes i n  emphasis ,  I t  i s  a n t i c i p a t e d  t h a t  
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a t  l eas t  one new s tudy  w i l l  be i n i t i a t e d  du r ing  t h e  next  

six month r e p o r t i n g  p e r i o d .  The background of t h i s  and any 

o t h e r  new s t u d y  w i l l  b e  r e p o r t e d  i n  our Semiarmual P r o g r e s s  

Report  Number 2.  
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S U R V I V A L  O F  BACILLUS SUBTILIS VAR. N I G E R  SPORES 

AT TEMPERATURES BELOW 60°C 

D. Vesley and G. Smith 
Div i s ion  of  Environmental  Heal th  

-_. - 

I N T R O D U C T I O N  

Previous  work i n  t h i s  l a b o r a t o r y  had been done t o  

e v a l u a t e  s u r v i v a l  of n a t u r a l  bac te r ia l  contaminants  on 

s t a i n l e s s  s teel  and epoxy s t r i p s  under v a r i o u s  combinat ions 

of t empera tu re  and oxygen c o n c e n t r a t i o n .  These exper iments  

were summarized i n  the ,P rogres s  Report  cove r ing  t h e  p e r i o d  

December 1,  1967, through May 31 ,  1968, a t  which t i m e  work 

w a s  a l r e a d y  Underway t o  e v a l u a t e  t h e  e f f e c t  of  t h e  a i r  f low 

i n  a laminar  flow c l e a n  room on t h e  s u r v i v a l  of B. s u b t i l i s  - 
v a r .  n i g e r  spores ,  I n  t h e  laminar  f low c l e a n  room s t u d i e s  

t h e  s u r v i v a l  of B.  s , u b t i l i s  s p o r e s  s t o r e d  i n  e thano l  w a s  - 
compared wi th  s p o r e s  s t o r e d  i n  water. The laminar  f low c l e a n  

room normally o p e r a t e s  a t  a s i n y l - e ,  c o n s t a n t  t empera tu re  and 

humidi ty-  T h e s e  s t u d i e s  w e r e  expanded t o  s e v e r a l  t empera tu re  

and humidi ty  c o n d i t i o n s  through t h e  u s e  of smal l  p l a s t i c  

c o n t a i n e r s  i n  which c o n t r o l l e d  microenvironments  could  be 

developed.  One three-week experiment  has  been concluded 

and w i l l  b e  r e p o r t e d  h e r e i n .  

OBJECTIVE 

T h e  s p e c i f i c  o b j e c t i v e  of t h e s e  exper iments  has 
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been t o  provide  in fo rma t ion  concerning t h e  s u r v i v a l  r a t e s  

of - B. s u b t i l i s  va r .  n i q e r  spo res  a t  tempera tures  below 6 0 ° C  

over  a wide range  of r e l a t i v e  h u m i d i t i e s  and a lso under  t h e  

i n f l u e n c e  of a moving a i r s t r eam.  

EXPERIMENTAL PROCEDURE 

Experiment 1. A s tudy  of t h e  s u r v i v a l  of - B. s u b t i l i s  

va r .  n i q e r  s p o r e s  depos i t ed  on s t a i n l e s s  s teel  s t r i p s  and 

exposed i n  t h e  airstream of a laminar  downflow c l e a n  room 

( 9 0  fpm) maintained a t  approximately 2 2 ° C  and 40 p e r c e n t  

r e l a t i v e  humidity.  

I n  

1. 

2 .  

3 .  

4. 

each i n s t a n c e  t h e  procedure w a s  a s  fo l lows :  

35 s ta in less  s teel  s t r i p s  w e r e  contaminated 

i n  t h e  manner p rev ious ly  descr ibed.  

5 s t r i p s  were randomly selected f o r  a n a l y s i s  

a t  ze ro  t i m e .  The remaining 30 s t r i p s  w e r e  

p l aced ,  contaminated s i d e  up, a t  bench top  

l e v e l  i n  t h e  laminar  downflow room. 

A t  i n t e r v a l s  of 1, 2 ,  4 ,  7 ,  1 4 ,  and 2 1  days ,  

f i v e  s t r i p s  w e r e  randomly withdrawn f o r  a n a l y s i s  

and processed according t o  NASA Standard Pro- 

cedures .  

T h e  experiment  was performed once u s i n g  s p o r e s  

s t o r e d  i n  d i s t i l l e d  water and once f o r  s p o r e s  

s t o r e d  i n  e thano l .  

Experiment 2. A s tudy  of t h e  s u r v i v a l  of B. s u b t i l i s  - 
var .  n i g e r  spo res  over  a three week pe r iod  under  v a r i o u s  

2 



t empera ture  

T h e  

1. 

2. 

3 .  

4. 

and humidi ty  combinat ions.  

p rocedure  w a s  as fo l lows :  

296 s t a i n l e s s  steel  s t r i p s  were contaminated 

w i t h  0 .1  ml ( l o 5  s p o r e s )  from an a l c o h o l  sus-  

pension of B. s u b t i l i s  v a r .  n i q e r  s p o r e s .  The 

d e p o s i t  w a s  p i p e t t e d  o n t o  t h e  s t r i p  and spread  

- 

over  t h e  s u r f a c e  w i t h  a g l a s s  rod.  

The s t r i p s  were e q u i l i b r a t e d  o v e r n i g h t  i n  a 

laminar  downflow room ( 2 2 ° C  and 40 p e r c e n t  

r e l a t i v e  humid i ty ) .  

E i g h t  s t r i p s  w e r e  randomly selected for a n a l y s i s  

a t  t h e  end of t h e  e q u i l i b r a t i o n  t i m e  ( 0  t i m e ) .  

They w e r e  analyzed us ing  NASA Standard  Proce- 

c e d u r e s  f o r  s t r i p  a n a l y s i s .  

P l a s t i c  r e f r i g e r a t o r  boxes (See F i g u r e  1.1) 

w e r e  set  up w i t h  s i l i c a  g e l  t o  m a i n t a i n  t h e  

fo l lowing  r e l a t i v e  humidi ty  c o n d i t i o n s :  

a. (10 p e r c e n t ,  d 5 0  p e r c e n t  and > 9 0  p e r c e n t  

a t  22OC. 

b. < 1 0  p e r c e n t ,  r . 50  p e r c e n t  and >90 p e r c e n t  

a t  45°C.  

The 22OC c o n d i t i o n  w a s  o b t a i n e d  by p l a c i n g  an  

' i n c u b a t o r  i n s i d e  a 4OC r e f r i g e r a t o r .  The 4 5 ° C  

c o n d i t i o n  w a s  o b t a i n e d  i n  a h igh  t empera tu re  

i n c u b a t o r  p laced  i n  t h e  l a b o r a t o r y  

3 



FIGURE 1.1 

and s t a i n l e s s  steel  s t r i p s  
P l a b t i c  c o n t a i n e r  w i t h  s i l i ca  gel, humhdity probe 

5 ,  For each of t h e  s i x  temperature-humidity com- 

b i n a t i o n s ,  s i x  p l a s t i c  boxes w e r e  s e t  up as 

shown i n  F i g u r e  1.1. A p l a s t i c  rack c o n t a i n i n g  

e i g h t  randomly selected s t r i p s  w a s  p l aced  i n  

each  box. T h e  s t r i p s  were placed back t o  back, 

contaminated s ide  exposed, ( I n  t h e  p i c t u r e  

there are three sets of s t r i p s  back t o  back and 

tww s i n g l e  s t r i p s . )  

6.  The boxes w e r e  sealed, wrapped i n  f l e x i b l e  

p l a s t i c  f i l m  ( P a r a f i l m ) ,  sealed i n  p l a s t i c  

bags as shown i n  F i g u r e  1 . 2 ,  and p laced  i n  t h e  

a p p r o p r i a t e  i ncuba to r .  

4 



FIGURE 1.2 
Plastic container wrapped and sealed 

7, Humidity was checked at 3, 9, 16 and 21 days 

as shown in Figure 1.3, On those occasions the 

outer plastic bag was opened for the reading, 

then immediately resealed. 

8. For each temperature-humidity combination, one 

box (8 strips) was withdrawn at 2, 3, 4, 7, 14 

and 21 days. 

NASA Standard Procedures. 

The strips were analyzed using 
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FIGURE 1.3 

R e l a t i v e  humidi ty  in s t rumen t  and 
microenvironmental  chamber 

RESULTS AND DISCUSSION 

Experiment 1. Table  1.1 summarizes t he  r e s u l t s  f o r  

t h e  laminar  airflow experiment .  It i s  appa ren t  t h a t  t h e  

spo res  from t h e  d i s t i l l e d  w a t e r  suspens ion  d ied  o f f  rather 

r a p i d l y  du r ing  t h e  three-week per iod  ( f r o m  238 s p o r e s / s t r i p  

t o  119 s p o r e s / s t r i p ) .  The  death ra te  f o r  t h e  e t h a n o l  sus- 

pens ion  w a s  much less pronounced. 

Experiment 2.  Table 1 .2  summarizes r e s u l t s  of t h e  

temperature-humidi ty  experiment.  T h e  ex t remely  r a p i d  die- 

o f f  ach ieved  a t  90 p e r c e n t  re la t ive humidi ty  and 45°C w a s  

q u i t e  s u r p r i s i n g .  Even a t  50 p e r c e n t  re la t ive humidi ty  and 
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TABLE 1.1 

Number of s u r v i v i n g  B a c i l l u s  s u b t i l i s  var. 
n i g e r  spores as a f u n c t i o n  of t i m e  and whether 
t h e  s p o r e s  were stored i n  water o r  e t h a n o l .  
Spores  located on s t a i n l e s s  steel  s t r i p s  and 
exposed i n  a laminar  downflow c l e a n  room, 

T o t a l  c o l o n i e s / s t r i p  (mean of 5 s t r i p s )  
ExDosure I 

Ethanol  T i m e  D i s t i l  1 ed 
Water Suspension (Days 1 

Suspension 

0 239.0 672.0 

.1 , 237.4 6 5 0 - 4  

2 202.4 613.4 

4 208.0 680.8 

7 182.2 652.2 

1 4  140.0 622.2 

2 1  119.8 566.5 
i 
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4 5 ° C  there w a s  a two l o g  r e d u c t i o n  i n  s p o r e  coun t .  A t  90 

p e r c e n t  r e l a t i v e  humidi ty  and 2 2 ° C  t h e r e  w a s  almost a one 

l o g  r e d u c t i o n .  Thus i t  appea r s  t h a t  t h e  combinat ion of high 

humidi ty  and elevated t empera tu re  r e s u l t s  i n  r a p i d  die-off 

of B a c i l l u s  s u b t i l i s  v a r .  n i g e r  spores. 

CONCLUSION 

The r e s u l t s  of t h e s e  exper iments  sugges t  t h a t  a s i g -  

n i f i c a n t  r e d u c t i o n  i n  s p o r e  p o p u l a t i o n s  c a n  be achieved a t  

t empera tu res  i n  t h e  r ange  of 4 5 ° C  w i th  h igh  humidi ty .  How- 

ever, a d d i t i o n a l  ev idence  of  t h i s  phenomena w i l l  be sought  

b e f o r e  a t t e m p t i n g  t o  draw d e f i n i t e  c o n c l u s i o n s .  
\ 

FUTURE WORK 

I n  t h e  immedia t e  f u t u r e  a l o n g e r  r ange  ( 7  month) 

experiment  w i l l  be  carr ied o u t  u s i n g  t h e s e  same tempera ture-  

humidi ty  combinat ions.  Longer r ange  p l a n s  i n c l u d e  a d d i t i o n a l  

s imi l a r  exper iments  u s ing  d i s t i l l e d  water s p o r e  suspens ions ,  

a d i f f e r e n t  s p o r e  s p e c i e s  ( p o s s i b l y  from t h e  genus C l o s t r i -  

d i u m ) ,  and e x t e n s i o n  of t h e  t empera tu re  r ange  t o  i n c l u d e  6 0 ' C .  

9 
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SURVIVAL O F  BACILLUS SUBTILIS VAR. N I G E R  SPORES 

I N  A CONTROLLED A I R  STREAM 

- 

George A. Carson and I. J. Pf lug  
Div i s ion  of Environmental H e a l t h  

INTROMJCTION 

The s u r v i v a l  of t h e  spo res  o f  B. s u b t i l i s  var.  n i g e r  - 
has been t h e  focal p o i n t  of many researchers' work s i n c e  

t h e  concep t ion  of N A S A ' s  P l a n e t a r y  Q u a r a n t i n e  Program. R e -  

searchers have s t u d i e d  several parameters  t h a t  may i n f l u e n c e  

the  s u r v i v a l  o f  these spores .  T h e  most common parameters  

eva lua ted  have been t i m e  and tempera ture .  D-values have 

been establ ished f o r  a v a r i e t y  of  c o n d i t i o n s  and many f a c t o r s  

have been i m p l i c a t e d  as t h e  a c t u a l  c a u s e  of dea th  of these 

ce l l s .  

T h e  f a c t o r  most commonly proposed i s  t h a t  t h e  spo re  

moi s tu re  c o n t e n t  p l a y s  an impor t an t  r o l e  i n  t h e  dea th  of t h e  

cells .  Another fac tor  which has been proposed r e c e n t l y  i s  

t h a t  t h e  ve loc i ty  of t h e  a i r  across these s p o r e s  may i n f l u -  

ence  t h e i r  die-off ra te .  I n  a way, t h i s  i s  related t o  rnbks- 

t u r e  c o n t e n t  because v e l o c i t y  should p rov ide  t h e  vehicle 

f o r  m o i s t u r e  removal. Fox (1967) i n  h i s  work a t  Michigan 

S ta te  U n i v e r s i t y  has i n d i c a t e d  t h a t  t he  a t e  of a i r  flow ( a t  

t empera tu res  of 255°F t o  285°F)  through an enc losed  chamber 

w i l l  c a u s e  a s i g n i f i c a n t  change i n  the  die-off ra te .  I n  

11 



t h i s  s tudy  t h e  a i r  d i d  n o t  flow d i r e c t l y  over t h e  s u r f a c e  

on which t h e  s p o r e s  w e r e  d e p o s i t e d  b u t  passed  ove r  t h e  t o p  

of s m a i l  cups. Low flows (1 .4  t o  4.0 cfm) b u t  h igh  ve lo-  

c i t i e s  .(due t o  t h e  small a rea)  w e r e  used i n  t h i s  s tudy  b u t  

s i g n i f i c a n t  d i f f e r e n c e s  were observed i n d i c a t i n g  a v e l o c i t y  

e f f e c t ,  

Vesley and S m i t h  (1968) i n  t h e i r  s t u d i c s  on S tandard  

Procedures  have shown t h a t  microorganisms on i n o c u l a t e d  

s t r i p s  placed f l a t  i n  a v e r t i c a l  downflow a i r  stream (approx- 

ima te ly  30 fpm) undergo a d ie -of f  r a t e  t h a t  i s  s i q n i f i c a n t l y  

d i f f e r e n t  from t h e  d i e -o f f  r a t e  of  microarganisms on covered 
- 

stri!2s under t h e  sarne c o n d i t i o n s .  H e r e  a g a i n ,  the a c t u a l  

death of t h e  s p o r e s  m a y  be due t o  t h e  d r y i n g  e f f e c t  of t h e  

a i r  stream. There fo re ,  a stud.y h a s  been under taken  t o  look 

dccper  i n t o  t h e  v e l o c i t y  e f f e c t  as weil as t o  cornplemer,t 

t h c  rcc.;-.arch a l r e a d y  completed i n  t h i s  area. 

C B J E C T T V E  

T h e  o b j e c t i v e  oE t h i s  p r o j e c t  i s  t o  deve1or) D-values 

based on the t h r e e  parameters  - t i m e ,  t empera tu re  and ve lc -  

c i t y  - f o r  u s e  i n  t h e  des ign  of NASA s p a c e c r a f t  s t e r i l i z a -  

t i o n  procedures  and t o  g a i n  f u r t h e r  i n s i g h t  i n t o  t h e  e f f ec t  

of a i r  v e l o c i t y  on t h e  s u z v i v a l  o f  ' 3 .  s u b t i l i s  var. n i q e r  

spores .  

- 



EXPERIMENTAL PROCEDURE 

Equipment 

Duct. A p l e x i g l a s s  d u c t  i s  used t o  s tudy the  

effect  of t h e  three parameters  - t i m e ,  t empera ture  

and v e l o c i t y .  T h e  u n i t  i s  shown i n  F igu re  2 . 1 -  

and c o n s i s t s  of a 17" long p l e x i g l a s s  d u c t  (1" x 7" 

i n t e r n a l  dimensions)  a t t a c h e d  t o  a c e n t r i f u g a l  

blower.  Three  recesses w e r e  m i l l e d  i n  t h e  bottom of 

t h e  d u c t  w i t h  a depth  equal  t o  t h e  t h i c k n e s s  of 

s t anda rd  1" x 2" s t a i n l e s s  steel s t r i p s .  The re- 

cesses make t h e  t o p  of t he  s t r i p s  f l u s h  w i t h  t h e  

bottom of t h e  d u c t ,  t h e r e f o r e  s u b j e c t i n g  the  de- 

p o s i t e d  spo res  t o  a direct  a i r  stream. 

FIGURE 2 .1  
Cont ro l  pane l  and p l e x i g l a s s  d u c t  
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The t o p  of t h e  d u c t  w a s  h inged f o r  easy  access 

t o  t h e  s t r i p s .  An e lectr ical  r e s i s t a n c e  h e a t e r  w a s  

p l aced  i n  t h e  i n l e t  of t h e  blower.  A t h e r m i s t o r  

w a s  p l aced  i n  t h e  end of t h e  d u c t  and connected t o  

a t r a n s i s t o r i z e d  a m p l i f i e r  r e l a y  t o  c o n t r o l  t h e  

h e a t e r  and r e g u l a t e  t h e  t empera tu re  of t h e  a i r .  

S t r i p s .  S t a i n l e s s  s teel  s t r i p s  w e r e  used as 

t h e  s u r f a c e  f o r  d e p o s i t i o n  o f  t h e  - B. s u b t i l i s  v a r .  

n i q e r  -spores .  The s t r i p s  are 1" x 2" and .024" 

t h i c k  wi th  a brushed f i n i s h .  The spores were de- 

p o s i t e d  on t h e  s t r i p s  and recovered  u s i n g  s t a n d a r d  

NASA l a b o r a t o r y  procedures .  
1 

Procedure 

The u n i t  w a s  des igned  t o  hold 18 s t r i p s .  A t o t a l  

of 42  s t r i p s  are prepared  f o r  each run ,  T h i r t y - s i x  of t h e  

contaminated s t r i p s  are randomly d i v i d e d  i n t o  two groups of  

e i g h t e e n  each;  t h e  remaining s i x  s t r i p s  serve as an i n i t i a l  

count  c o n t r o l .  

One group of 18 s t r i p s  i s  d i v i d e d  i n t o  three sub- 

groups of  6 s t r i p s  each  and serves as  c o n t r o l s  f o r  each  t i m e  

i n t e r v a l .  The o t h e r  group of 18 s t r i p s  i s  p laced  i n  t h e  s l o t s  

of t h e  d u c t ,  s i x  s t r i p s  p e r  row. 

The a i r  f l o w  and a i r  t empera tu re  c o n t r o l  systems 

are a d j u s t e d  u n t i l  t h e  desired v e l o c i t y  and t empera tu re  are  

a t t a i n e d .  The s t r i p s  are then  loaded i n t o  t h e  system and 

t h e  t e s t  c a r r i e d  on f o r  t h e  i n i t i a l  t i m e  i n t e r v a l .  A f t e r  
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t h e  i n i t i a l  t i m e  i n t e r v a l ,  s i x  s t r i p s  are  removed from t h e  

d u c t  and t h e  v iab le  s p o r e s  recovered. S i x  c o n t r o l s  are  

a l s o  removed a t  t h i s  t i m e .  The s i x  empty p o s i t i o n s  i n  t h e  

d u c t  are  f i l l e d  w i t h  s t e r i l e  s t r i p s  and t h e  run  i s  con t inued  

u n t i l  t h e  n e x t  t i m e  i n t e r v a l  h a s  elapsed.,,  The recovery  

t echn ique  i s  r e p e a t e d  u n t i l  t h e  run  i s  completed.  

RESULTS AND DISCUSSION 
- 

T h e  s t r i p s  were removed from t h e  d u c t  i n  a mahner 

t h a t  allowed a s t a t i s t i c a l  examinat ion o f  t h e  p o s i t i o n  

e f f e c t  as  w e l l  as t h e  e f fec t  of t i m e  and tempera ture .  A 

L a t i n  Square t echn ique  was employed t o  examine t h e  p o s i t i o n  

e f f ec t .  Th i s  t echn ique  r e q u i r e s  t h e  da t a  i n  row-column 

format  wi th  equal  numbers of each.  S i n c e  two s t r i p s  were 

removed a t  each row-column por , i t ion  f o r  each of t h e  t i m e  

intervals, d u p l i c a t e  L a t i n  Squares  w e r e  r e q u i r e d .  L a t i n  

Squares  w e r e  c o n s t r u c t e d  and t h e  da ta  w e r e  examined f o r  

row, column and t i m e  e f fec t .  

T h e  s t r i p s  w e r e  a r ranged  i n  t h e  d u c t  as  shown i n  

F i g u r e  2 . 2 .  A ,  B and C r e p r e s e n t  t h e  t h r e e  t i m e  i n t e r v a l s  

of one,  two and t h r e e  weeks. 
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Row 1 

R o w  2 

Row 3 

Column I 
D i r e c t i o n  

of 
A i r  Flow 

A = e l a p s e d  t i m e  1 
B = e l a p s e d  t i m e  2 
C = e l a p s e d  t i m e  3 

FIGURE 2 .2  
Layout of exposed s t r i p s  

Tables 2 . 1 ,  2 .2  and 2 . 3  d i s p l a y  t h e  da t a  o b t a i n e d  

from three runs .  All t h e  r u n s  w e r e  made i n  v e r t i c a l  lamin 

f l o w  c l e a n  room a t  ambient room c o n d i t i o n s .  T h e  c o u n t s  

r 

shown i n  t h e  tables are  t h e  average of d u p l i c a t e  plate c o u n t s  

ob ta ined  f r o m  t h e  r ecove ry  p rocess .  To o b t a i n  t h e  t o t a l  

number of organisms s u r v i v i n g  on t h e  s t r i p s  t h e  p l a t e  c o u n t s  

are m u l t i p l i e d  by 500. 
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TABLE 2.1 
Summary of Data 

Source of V a r i a t i o n  

Rows 
Columns 
T i m e  
E r r o r  

To ta l  

Run number 1 
Ve loc i ty  745 fpm 

df S . S .  PI. S .  F 
I I1 1 I1 I I1 

2 2941 791 1470 395 2.13 .22 
2 1814 6007 907 3004 1.31 1.71 
2 219 270 110 135 1.6 .07 
2 1381 3520 691 1760 
8 6355,10588 

Temp 2 5 ° C  
R.H. 45% 

C o n t r o l s  
Avg 1 cov 

L a t i n  Square I L a t i n  Square  I1 

Exposed 
Avg I cov 

Column Column 

0: ~l 
Sum 629 

Sum A B C Sum A B c 
6 78 6SO 644 613 641 602 

Average and C o e f f i c i e n t  of  V a r i a t i o n  of Counts 

In? t i a l  

A 

C 

To t a l  
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TABLE 2 - 2  

Summary of Data 

2 A  
3 
0 
L1: 3 

Run number 2 
V e l o c i t y  1450 f p m  

2 2 1  C 293 B 271 785 

C 234 B '255 A 250 739 

L a t i n  Square I 

Sum 

Temp 25°C 
R.H. 45% 

670 797 76 1 

L a t i n  Square I1 

Sum 

Column Column 
! 1 1  I 2 ,  1 3 lsum I 1 1  I 2 ,  I 3 I Isurn 

6 9 6  825 705 

1 IB 215 I A 249 1 C 240 I 7 0 4  

Source of V a r i a t i o n  - 
S 

Columns 
T i m e  
E r r o r  

T o t a l  

df s * s .  M.T.  F 
I Ir I II I- I1 

2 1100 18C6 550 903 3 .07  4,68 
2 2856 3458 1 4 2 8  1729  7.98 8.96 
2 369 698  185 349 1.03  1.80 
2 359 386 1 7 9  1 9 3  
8 4684 6348  

Ana lys i s  of Var iance  

x ar 
ar 
3 

Average and C o e f f i c i e n t  of V a r i a t i o n  of Counts 

--- 
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TABLE 2.3 
Summary of  Data 

2 

3 

Run number 3 
V e l o c i t y  220 fpm 

A 270 C 266 B 255 791  

C 258  B 244 A 278  780 

L a t i n  Square I L a t i n  Square I1 

Column 
I 1 1  2 I 3 Sum 

1 1B 251 I A 273 I C 254 I 778 

Temp 25°C 
R.H. 45% 

Column 

! I 
I 31Sum 1 2 

- 
11B 2571 A 278  1 C 248  1783  

B, 2 IA, 276 1 C 250 ~ B 236 1 762 

2 3 C 268 B 226 A 280 774 

Sum( 795 1 749 I 77Gl 
1 I I I 
I I 

Sum I 7851 788 1 781 I 
Sum A B C Sum A B C 

829 713 772 826 756 772 

A n a l y s i s  -- of Var iance  

Source of 

Rows 
Columns 

Average and C o e f f i c i e n t  of V a r i a t i o n  of Counts 

5.3% I 259 I 5.9% I 259 ' 
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T h e  r e s u l t s  from t h e s e  p r e l i m i n a r y  r u n s  are v e r y  

i n t e r e s t i n g .  I n  t h e  Ana lys i s  of  Var iance  Table where t h e  

p o s i t i o n  e f fec t  was analyzed ,  an F tes t  w a s  performed. A 

s i g n i f i c a n t  F a t  t h e  5% level f o r  2 x 2 d e g r e e s  of freedom 

i s  19.00. T h e  F - t e s t  d i d  n o t  exceed t h i s  v a l u e  i n  any run.  

T h e  t es t  w a s  n o t  even c l o s e  t o  s i g n i f i c a n t  e x c e p t  f o r  t h e  

t i m e  effect  i n  Run #3. T h e  F - t e s t  f o r  this r u n  y i e l d e d  an 

F of  18.3. T h e  a i r  v e l o c i t y  i n  Run # 3  was t h e  lowest of  

any of t h e  r u n s  ( 2 2 0  fpm). T h i s  r e s u l t  seems t o  i n d i c a t e  

t h a t  there might be a s i g n i f i c a n t  die-off a t  a l o w e r  ve lo-  

c i t y .  I f  t h i s  c o n d i t i o n  does e x i s t ,  i t  would be  i n  suppor t  

of t h e  previousl-y mentioned s tudy  of Vesley and Smi th .  

When a l l  t h e  c o n t r o l  s t r i p s  and exposed s t r i p s  are 

Laveraged and compared f o r  each of t h e  r u n s ,  t h e  d i f f e r e n c e  

i n  means i s  n o t  s t a t i s t i c a l l y  s i g n i f i c a n t .  H o w e v e r ,  i n  a l l  

except  t h e  t h i r d  r u n ,  t h e  average  v a l u e  fo r  t h e  exposed 

s t r i p s  i s  lower t h a n  t h e  c o n t r o l  s t r i p s  which  i s  what might 

be expected and may i n d i c a t e  a t r end .  

FUTURE WORK 

I n  t h e  n e x t  r e p o r t i n g  p e r i o d  r u n s  w i l l  be completed 

wi th  approximate ly  t h e  same ve loc i t i e s  b u t  a t  an elevated 

tempera ture .  The t empera tu re  w i l l  be i n  t h e  r ange  of 40-45OC. 

When these r u n s  are completed it w i l l  be p o s s i b l e  t o  deter- 

mine more e x p l i c i t l y  t h e  e f fec t  of t i m e ,  t empera tu re  and 

v e l o c i t y  and a l s o  t h e  i n t e r a c t i o n  of these t h r e e  factors,  
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BEHAVIOR O F  BACILLUS - SUBTILIS  VAR, NIGER SPORES 

D .  Vesley and G. Smith 
Dl-vision of Environmental H e a l .  t h  

I N T R O D U C T I O N  

The d i v e r s i f i e d  r e s u l t s  of d i f f e r e n t  l a b o r a t o r i e s  

have i n d i c a t e d  t h e  need f o r  evaluat i .on of f a c t o r s  a f f e c t i n g  

the recovery  and D-values of B s c i l l u s  s u b t i l i s  v a r .  n i q e r  

spores .  Previous  exper iments  OR t h e  e f f e c t  of h e a t  f i x i n g  

spores  a t  80°C and t h e i r  subsequent  recovery  w e r e  r e p o r t e d  

i n  t h e  P rogres s  Report  cover ing  t h e  p e r i o d  December 1, 1967 ,  

through May 31 ,  1968. Reported h e r e i n  are t h e  concluding  

experiments  on h e a t  f i x i n g  and an i n i t i a l  experiment  designed 

t o  develop a method f o r  s t a n d a r d i z i n g  t h e  D-value of spo re  

c rops .  

OBJECTIVE 

Experiment 1. The o b j e c t i v e  of  t h i s  s t u d y  i s  t o  

de te rmine  t h e  e f fec t  of h e a t  f i x  t i m e  ( a t  80°C) on recovery  

of B. s u b t i l i s  var ,  n i g e r  spo res  suspended i n  e t h a n o l  and 

d i s t i l l e d  water. 

- 

- Experiment 2 .  The o b j e c t i v e  o f  t h i s  experiment  i s  

t o  de te rmine  t h e  e f fec t  of  d i f f e r e n t  q u a n t i t i e s  of  moi s tu re  

-va lues  o b t a i n e d  on B. s u b t i l i s  var.  n i g e r  s p o r e s  On D125°C - 
i n  thermal dea th  t i m e  (TDT) cans .  
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EXPERIMENTAL PROCEDURE 

Experimenk 1, Two i d e n t i c a l  sub-experiments were 

performed; however, i n  t h e  f i r s t  t e s t  t h e  s p o r e s  w e r e  sus- 

'pended i n  d i s t i l l e d  water and i n  t h e  second they  w e r e  sus- 

pended i n  95 p e r c e n t  e t h a n o l .  I n  each case 40 s t r i p s  w e r e  

contaminated,  t hen  randomly a l l o c a t e d  t o  t h e  fo l lowing  

t r e a t m e n t s .  

1. 

2 .  

3 ,  

4. 

5. 

6. 

7 .  

8 .  

5 s t r i p s  n o t  h e a t e d ,  c o n t r o l  

5 s t r i p s  heated 20  minutes  d r y  

5 s t r i p s  heated 60 minutes  d r y  

5 s t r i p s  hea ted  20 minutes  w e t  

5 s t r i p s  hea ted  60  minutes  w e t  

5 s t r i p s  cond i t ioned  2 4  hour s  i n  laminar  f low 

room (22"C, 40 p e r c e n t  r e l a t ive  humidi ty)  n o t  

hea t ed  

5 s t r i p s  c o n d i t i o n e d  24 hour s  i n  l amina r  f l o w  

room hea ted  20 minutes  

5 s t r i p s  cond i t ioned  24 hours  i n  l amina r  f l o w  

room h e a t e d  60 minutes  

S t r i p s  w e r e  p rocessed  accord ing  t o  NASA Standard  

Procedures  as  p r e v i o u s l y  r e p o r t e d .  

Experiment 2 .  Sea led  TDT c a n s ,  each c o n t a i n i n g  f o u r  

cups ,  w e r e -  p repared  as  fo l lows .  

1. Approximately l o 5  s p o r e s  were added t o  each  cup 

f r o m  a d i s t i l l e d  water suspens ion ,  
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2 .  

3 .  

4. 

5 ,  

6 .  

7. 

8 ,  

Cups were e q u i l i b r a t e d  o v e r n i g h t  i n  a laminar  

downflow room a t  2 2 ° C  and 40 p e r c e n t  r e l a t ive  

humidity.  

Water w a s  added t o  small p i e c e s  of b l o t t i n g  

paper  ( a l s o  e q u i l i b r a t e d  a t  22°C and 40% RH) 

i n  t h e  TDT cans .  The paper  w a s  fo lded  so t h a t  

t h e  moistened p o r t i o n  d i d  n o t  c o n t a c t  t h e  cups.  

Four cups  were p l aced  i n  each can and two cans  

( 8  cups )  were processed  f o r  each m o i s t u r e  con- 

d i t i o n .  

T h e  cans  were sealed immediately a f t e r  be ing  

prepared  and hea ted  i n  an o i l  b a t h  a t  125°C 

f o r  40 minutes .  

A f t e r  h e a t i n g  t h e  c a n s  were cooled by p l a c i n g  

them i n t o  co ld  w a t e r .  

P rocess ing  was c a r r i e d  o u t  t h e  f o l l o w i n g  day 

u s i n g  NASA S tandard  Procedures .  Dup l i ca t e  

d i l u t i o n s  w e r e  made f o r  each cup. 

The 

a. 

b. 

C .  

c o n d i t i o n s  e v a l u a t e d  w e r e  as  fo l lows :  

unheated c o n t r o l  - no m o i s t u r e ,  no b l o t t i n g  

paper  

heated 125°C - 40 minutes  - no m o i s t u r e ,  

no b l o t t i n g  paper  

heated 125°C - 40 minutes ,  no m o i s t u r e ,  w i t h  

b l o t t i n g  paper  
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d. 

e. 

f. 

heated 125°C - 40 minutes  - 0.001 m l  H 2 0 ,  

w i t h  b l o t t i n g  paper  

heated 125°C - 40 minutes  - 0.01 m l  H 2 0 ,  

w i t h  b l o t t i n g  paper  

hea ted  125°C - 40 minutes  - 0.02 m l  H 2 0 ,  

w i t h  b l o t t i n g  paper  I 

RESULTS AND DISCUSSION 

Experiment 1. T h e  r e s u l t s  are r e p o r t e d  i n  Table 3.1. 

They confirm t h a t  h e a t i n g  a t  80°C does n o t  s i d j n i f i c a n t l y  

affect  spo re  recovery.  I n  a l l  cases, except  t h e  uncondi- 

t i oned  e thano l  c o n t r o l ,  t h e  p e r c e n t  removal by s o n i c a t i o n  

w a s  extremely h igh  (99.5 t o  100 p e r c e n t )  and d i d  n o t  

appear  t o  be a f f e c t e d  by t h e  h e a t i n g  t i m e .  All coun t s  of 

water  suspended spores  were lower a f te r  h e a t i n g  and 24 hour 

cond i t ion ing .  Although t h e  d i f f e r e n c e  i s  small, these 

r e s u l t s  confirm t h e  s u r v i v a l  experiment  "Surv iva l  of B a c i l l u s  

s u b t i l i s  v a r .  n i g e r  Spores  a t  Temperatures Below 60"C;x 

Experiment 1," conta ined  ear l ier  i n  t h i s  r e p o r t .  Colony'J 

counts  of e thano l  suspended s p o r e s  w e r e  n o t  affected by 

e i ther  h e a t i n g  o r  c o n d i t i o n i n g  t i m e .  

Experimentc:2. R e s u l t s  are summarized i n  Table 3.2. 

It i s  appa ren t  t h a t  water c o n t e n t  i n  t h e  s e a l e d  cans  had a 

s i g n i f i c a n t  effect  on t h e  d e s t r u c t i o n  rate.  T h e  a d d i t i o n  

of  0.01 m l  o r  0.02 m l  s h a r p l y  reduced t h e  D-value compared 

t o  those  v a l u e s  achieved wi th  less than  0.001 m l  of H 2 0 .  

24 
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T h e  h ighe r  D-values r e p o r t e d  f o r  t h e  s m a l l  q u a n t i t i e s  of 

wa te r ,  70 minutes  f o r  0.001 m l  water and f o r  t h e  e q u i l i b r a t e d  

b l o t t i n g  pape r  w i t h  no water added, compared t o  t h e  c o n t r o l ,  

w i t h  no water o r  b l o t t i n g  p a p e r ,  aga in  i n d i c a t e s  t h a t  there 

i s  a c r i t i c a l  small q u a n t i t y  of water  which a f f o r d s  some 

p r o t e c t i o n  t o  t h e  spores .  ( I n  t h i s  s i n g l e  t e s t  w e  do n o t  

know i f  70 minutes  i s  t h e  t h e  maximum D1250C -value.  1 

i s  a p re l imina ry  t es t  t o  a more complete  s tudy  of t h e  e f fec t  

T h i s  

of water i n  t h e  system. 

CONCLUSIONS 

Experiment 1. Heat ing t i m e  (up  t o  one hour a t  8 0 ° C )  
\ 

d i d  n o t  appear  t o  a f f e c t  recovery  of B. s u b t i l i s  va r .  n i g e r  

spo res .  T h e  s u r v i v a l  of water  suspended spores  was a f f e c t e d  

- 

by h e a t i n g  and c o n d i t i o n i n g  t i m e s .  It would s e e m  t h a t  t h e  

removal of water  from t h e  spore  i s  v e r y  impor tan t  t o  i t s  

s u r v i v a l .  

Experiment 2.  It i s  p o s s i b l e  t o  manipulate  D-values 

of B.  s u b t i l i s  v a r .  n i q e r  spo res  i n  thermal dea th  t i m e  c ans  

by adding d i f f e r e n t  q u a n t i t i e s  of water t o  t h e  can. 

- 

FUTURE WORK 

Work i s  underway i n  t h i s  l a b o r a t o r y  t o  s t a n d a r d i z e  

as much as p o s s i b l e  t h e  methodology f o r  o b t a i n i n g  d ry  h e a t  

D-values. 
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EFFECTS OF H U M I D I T Y ,  LOCATION, SURFACE FINISH, AND 

SEPARATOR THICKNESS ON THE HEAT DESTRUCTION O F  

BACILLUS SUBTILIS VAR. N I G E R  SPORES LOCATED - 
BETWEEN MATED SURFACES 

D. Drummond and I. J. P f lug  
Div i s ion  of  Environmental  Heal th  

INTRODUCTION 

The p r o j e c t  i s  a t t empt ing  t o  r e l a t e  t h e  thermal 

d e s t r u c t i o n  of b a c t e r i a l  s p o r e s  between mated sulrfaces t o  

c e r t a i n  pa rame te r s  o f  t h e  environment and t h e  surfaces.  

I n  p r e v i o u s  r e p o r t i n g  p e r i o d s  t h e  exper imenta l  

a p p a r a t u s  was designed and c o n s t r u c t e d ,  exper imenta l  pro- 

c e d u r e s  and p l a n s  were prepared  and two i n i t i a l  t e s t  r u n s  

were c a r r i e d  o u t  t o  tes t  procedures  and t o  a s s i s t  i n  p lanning .  

The c u r r e n t  r e p o r t i n g  pe r iod  w a s  l a r g e l y  devoted t o  

t h e  c o l l e c t i o n  o f  exper imenta l  d a t a  t o  h e l p  de te rmine  which 

pa rame te r s  w i l l  b e  examined i n  d e t a i l  and b t h e  measurement 

of c h a r a c t e r i s t i c s  of  t h e  exper imenta l  system which may 

a f f ec t  t h e  r e s u l t s .  

O B J E C T I V E  

The p r o j e c t  w i l l  measure t h e  thermal  d e a t h  parameters  

of - B. s u b t i l i s  var.  n i g e r  s p o r e s  i n  t h e  mated surface system 

and w i l l  measure t h e  e f f ec t  of ce r t a in  v a r i a t i o n s  of t h e  

environment and of t h e  s u r f a c e s  on thermal  dea th .  
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EXPERIMENTAL PROCEDURE 

T h e  experimental  appa ra tus  i s  shown i n  F igu re  4.1; 

it c o n s i s t s  of two 10  x 10 x 2 inch  aluminum b locks  he ld  

t o g e t h e r  wi th  s p r i n g s .  Each block i s  hea ted  by f o u r  cart- 

r i d g e  heaters; t h e  b locks  are independent ly  tempera ture  con- 

t r o l l e d  t o  a maximum accuracy of - + 1 " C  by Honeywell t h e r m i s t o r  

c o n t r o l l e r s .  Power i n p u t  i s  c o n t r o l l e d  by a variable auto-  

t ransformer .  Two sheets of s t a i n l e s s  steel shim s tock  

( , 01591  t h i c k n e s s )  a r e  t h e  mated s u r f a c e  under  tes t .  I n  

e a r l y  experimental  r u n s  t h e  s u r f a c e s  were wrapped i n  aluminum 

f o i l  b e x c l u d e  contaminat ion.  I n  l a t e r  r u n s  a mylar-poly- 

propylene heat sealed package i s  used;  t h e  l a t t e r  i s  easier 

t o  handle  and appears  t o  provide  a t i g h t e r  seal on the 
- 

FIGURE 4.1 
The heat block showing i n s u l a t i o n  which w a s  added t o  improve 
tempera ture  uni formi ty ;  a d d i t i o n a l  heaters have a l s o  been added. 
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system. F i g u r e  4 .2  shows the  packaged and unpackaged mated 

s u r f a c e s  a long  w i t h  a s e p a r a t o r  which i s  o p t i o n a l ;  t h e  marks 

on t h e  exposed s u r f a c e  r e p r e s e n t  the  l o c a t i o n s  o f  the s p o r e  

d e p o s i t s .  

T h e  fo l lowing  d e s c r i p t i o n  of procedures  a p p l i e s  i n  

broad de t a i l  t o  a l l  r u n s  af ter  Number 3 e x c e p t  as noted  i n  

the  d e s c r i p t i o n s  of t h e  i n d i v i d u a l  r u n s ;  i n  f i n e r  de t a i l  i t  

i s  t h e  c u r r e n t  procedure  f o r  c a r r y i n g  o u t  t h e  exper imenta l  

runs .  

The s p o r e  suspens ion  of p rope r  d i l u t & o n  i s  p laced  i n  

a conven ien t  c o n t a i n e r .  A 2 0  m i c r o l i t e r  Eppendorf micro- 

p i p e t t e  i s  used t o  d e p o s i t  approximately 1.3 x 1 0  s p o r e s  on 

the  base p l a t e s .  T i p s  f o r  t h e  Eppendorf m i c r o p i p e t t e  are 

5 

FIGURE 4.2 

T h e  mated s u r f a c e  package open t o  
s h o w  t h e  l o c a t i o n  of s p o r e  d e p o s i t s .  
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i n d i v i d u a l l y  wrapped and s t e r i l i z e d  wi th  e t h y l e n e  oxide  more 

than  three days p r i o r  t o  use.  T h e  spo re  suspension i s  ag i -  

t a t e d  a t  l ea s t  a f t e r  complet ion of each p l a t e ,  t h a t  i s  af ter  

each n i n e  d e p o s i t s .  A t i m e  s e p a r a t i o n  of about  two t o  three 

minutes  between a g i t a t i o n s  i s  involved.  

The base p l a t e s  are i n d i v i d u a l l y  wrapped and 

s t e r i l i z e d  w i t h  k thy lene  oxide.  Before u s e  they  are un- 

wrapped and l a i d  i n  s te r i le  sha l low t r a y s  i n  t h e  laminar  

downflow c l e a n  room. A f t e r  t h e  spo res  are d e p o s i t e d ,  t h e  

t r a y s  are  covered l o o s e l y  and t h e  base  p l a t e s  are allowed t o  

e q u i l i b r a t e  ove rn igh t  w i t h  t h e  ambient atmosphere i n  t h e  

c l e a n  room, about  22°C and 30% RH. I n  t h e  morning t h e  cover  

p l a t e s ,  which are  a l s o  i n d i v i d u a l l y  wrapped and e thy lene  

d o x i d e  s t e r i l i z e d ,  are placed on top  of  t he  base p la tes  and, 

handl ing  t h e  mated surface u n i t  w i t h  s t e r i l e  g loves ,  i t  is 

s l i p p e d  i n t o  a mylar-polypropylene package which i s  p resea l ed  

excep t  a t  one end. The package has  been p r e s t e r i l i z e d  i n  

e t h y l e n e  oxide.  The t o p  and f r o n t  of t h e  package a r e  l a b e l e d  

f o r  p rope r  o r i e n t a t i o n  i n  t h e  heat b lock;  t h e  packages a r e  

then  carried t o  t h e  work area i n  the sub-basement where they 

are heat s e a l e d .  P r i o r  t o  s e a l i n q t h e  package i s  placed 

i n s i d e  a book which i s  he ld  s h u t  t o  exclude most of t h e  a i r  

from t h e  package. T h e  package i s  then  carried t o  t h e  loca-  

t i o n  of t h e  heat b lock  for  t r ea tmen t .  

For p rocess ing ,  t h e  package i s  r e t u r n e d  t o  t h e  
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l aminar  downflow c l e a n  room. Handling it wkh s t e r i l e  g l o v e s ,  

t h e  package i s  opened and t h e  mated s u r f a c e  u n i t  i s  removed. 

Each s p o r e  d e p o s i t  i s  c u t  from t h e  b a s e p l a t e  on a 1 x 2 i n c h  

s t r i p  w i t h  s t e r i l e  t i n s n i p s  o r  a s t e r i l e  bench shear and i s  

p l aced  i n  a 1 2 5  m l  Erlenmeyer f l a s k .  It i s  g e n e r a l l y  l e f t  

there o v e r n i g h t  b e f o r e  f u r t h e r  p rocess ing .  

T h e  s t r i p s  are processed  c o n s i s t e n t  w i t h  t h e  NASA 

S tandard  Procedures .  F i f t y  m l  of  s t e r i l e  b u f f e r  i s  added t o  

t h e  f l a s k  c o n t a i n i n g  t h e  s t r i p ;  t h e  f l a s k  i s  s o n i c a t e d  f o r  

t w o  minutes  a t  t h e  c e n t e r  of a f u l l  u l t r a s o n i c  ba th  f i l l e d  

w i t h  s te r i le  .3% Tween 80 s o l u t i o n .  0 .1 ,  1.0 o r  10.0 m l  

a l i q u o t s  are  p l a t e d  i n  d u p l i c a t e .  T r y p t i c a s e  soy aga r  i s  

used i n  a l l  exper iments ;  the  aga r  i s  con ta ined  i n  i n d i v i d u a l  

t ubes .  The water b a t h  used t o  hold t h e  t u b e s  o f  aga r  i s  

f i l l e d  w i t h  a s o l u t i o n  of H a l i m i d e  t o  p r e v e n t  contaminat ion .  

Acc iden ta l  con tamina t ion  of a p l a t e  by a drop  from t h e  water 

b a t h  w i l l  r e s u l t  i n  a z e r o  rather than  a h igh  count .  P la tes  

are  incuba ted  for 4 8  hour s  b e f o r e  be ing  counted.  

A computer data hand l ing  system had been develcped t o  

ass is t  t h e  p r o j e c t ;  however, a f t e r  r e v i s i o n s  i n  t h e  expe r i -  

mental  p rocedures ,  t h e  d a t a  hand l ing  system has become ob- 

s o l e s c e n t .  The re fo re ,  data p rocess ing  t o  date has been per-  

formed manually u s i n g  a desk c a l c u l a t o r .  Rather  t han  exten-  

s i v e l y  r e v i s i n g  t h e  former computer system, i t  w i l l  be aban- 

doned and  t h e  s t a t i s t i c a l  s e r v i c e s  group of t h e  Biometry 
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Department w i l l  be commissioned t o  des ign  a new system. 

To measure heat-up and cool-down t i m e s  of the. ,mated 

s u r f a c e  package a dummy package c o n t a i n i n g  thermocouples 

l o c a t e d  i n  t h e  p o s i t i n n s  of t h e  spore  d e p o s i t s  has been 

c o n s t r u c t e d ,  T h e  heat c a p a c i t y  and thermal heat c o n d u c t i v i t y  

of the dummy system are matched as c l o s e l y  as p o s s i b l e  t o  

t h e  real  tes t  package. 

T h e  dummy package w i l l  b e  used t o  measure t h e  e x a c t  

tempera ture  a t  t h e  t r e a t m e n t  l o c a t i o n s  of t h e  h e a t  block as 

a f u n c t i o n  of  t h e  monitored tempera ture  and t o  measure t h e  

heat-up and cool-down - -  of t h e  t r ea tmen t  packages,  

Some v a r i a t i o n  i n  t h e  tempera ture  f r o m  p o i n t  t o  

p o i n t  i n  t h e  heat b lock  i s  i n e v i t a b l e , a s  i s  a v a r i a t i o n  i n  

tempera ture  from run  t o  run.  To remove v a r i a t i o n s  i n  t h e  

data from t h i s  sou rce ,  a mathematical  c o r r e c t i o n  can  be 

appl  i e d  . 
T h e  equa t ion  of t h e  s u r v i v o r  cu rve  is:  

A t  log N = - - + log No 
tT DT 

where: 

N = number of organisms su rv iv ing  a t  t i m e  t 

a f te r  t r e a t m e n t  a t  t empera ture  T 
tT 

NO = s t a r t i n g  number of organisms (number a t  

t = 0) 

at  = efapsed  t r ea tmen t  t i m e  = t - to 
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DT = decimal  r e d u c t i o n  t i m e  (D-value) a t  

t empera tu re  T ( " C )  

The r e l a t i o n  between D ,  t empera tu re  and z is similar 

log  DT = - - + log Do z ( 2 )  

where: 

D = D-value a t  t empera tu re  To 

= D-value a t  t empera tu re  T +AT 
0 

DT 

TO A T = T -  

T = t r e a t m e n t  t empera tu re  ( " C )  

z = t empera tu re  change t o  g i v e  a one l o g  change 

i n  D 

I n  t h e  p r e s e n t  experiment:  

z = Bloc 

D125 TO = 1 2 5 ° C .  DO = 

N i s  estimated from t h e  number of organisms 
tT 

recovered  a f t e r  t r e a t m e n t .  

N i s  estimated from t h e  average  recovery  from 0 
t h e  wrapped c o n t r o l .  

T and t are measured. 

W e  want t o  estimate N , t h e  number of organisms 

which would have su rv ived  i f  t h e  t r e a t m e n t  tempera ture  had 

been 125°C. 

t125 

W e  can  w r i t e  

= - -  at + log No 
D125 . 

log N t  
125 
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Rearranging ( 2 ) :  

Combining t h e  t w o  e q u a t i o n s  g i v e s  

F i n a l l y  DT i s  o b t a i n e d  by r e a r r a n g i n g  (1). It is 

an estimate based on t h e  s l o p e  of t h e  l i n e  connec t ing  No and 

N on a semi-log p l o t .  
tT 

( 4 )  

The estimate of DT, w h i c h  may also be o b t a i n e d  from a graph ,  

i s  p l aced  i n  ( 3 )  which can  t h e n  be so lved  f o r  N 
t125* 

RESULTS AND DISCUSSION 

The exper imenta l  r u n s  of t h e  p r e s e n t  r e p o r t i n g  p e r i o d  

have p r i m a r i l y  been t o  e x p l o r e  t h e  scope  of t h e  problem of 

s u r v i v a l  i n  mated s u r f a c e s .  S i n c e  there have been f e w  rep-  

l i ca t e  expe r imen t s ,  o n l y  a l i m i t e d  amount of s t a t i s t i ca l  

a n a l y s i s  h a s  been p o s s i b l e  and t h e  r e s u l t s  which are r e p o r t e d  

should be cons ide red  as p r e l i m i n a r y  data. I n d i v i d u a l  r u n s  

are r e p o r t e d  i n  summary form n e a r  t h e  end of t h i s  s e c t i o n .  

T h e  s e m i - r a w  d a f a  ofsa f e w  t y p i c a l  r u n s  f o l l o w  t h e  r e p o r t .  

A s  a p a r t i a l  check on t h e  exper imenta l  p rocedure  t h e  

wrapped c o n t r o l s  of Runs 4-8 w e r e  ana lyzed  t o  de te rmine  
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whether t h e  v a r i a t i o n s  i n  recovered  numbers are t r u l y  random. 

An a n a l y s i s  of v a r i a n c e  us ing  a f ac to r i a l  d e s i g n  w i t h  rep- 

l i c a t i o n  and sampling w a s  performed on the r a w  p l a t e  counts .  

T h e  r e s u l t s  are as  fo l lows :  

Source of 
V a r i a t i o n  

Degrees of Sum of Mean 
Freedom Squares  Square 

R e p l i c a t e s  ( r u n s )  4 
A (rows) 2 
B (columns) 2 
A x B ( i n t e r a c t i o n )  4 
Error 32 

( w i t h i n  
Sampling s p o r e  

d e p o s i t )  
45 

10619 2655 
1 6 3 1  815 
4318 2159 
3364 8 4 1  

36776 1150 

14337 319 

T o t a l  89 71045 

None of t h e  v a r i a t i o n s  a re  s i g n i f i c a n t  a t  t h e  5% level.  

An unexpected d i s c o v e r y  w a s  t h e  l a r g e  effect  on D- 

v a l u e  of a small change i n  the dew p o i n t  of t h e  t r e a t m e n t  

environment.  The e f fec t  w a s  f i r s t  n o t i c e d  q u i t e  a c c i d e n t a l l y ;  

a f t e r  t he  f i r s t  several r u n s  had y i e l d e d  a D-value i n  t h e  

neighborhood of 60  t o  65 minutes ,  t h e  D-value suddenly 

dropped t o  30 minutes  and then  t o  25 minutes.  I n  r e t r o s p e c t ,  

t h e  change w a s  a s s o c i a t e d  w i t h  t h e  change from humid summer 

weather  t o  c o o l  f a l l  weather and w i t h  t h e  move t o  an a i r  

c o n d i t i o n e d  l a b o r a t o r y .  The a s s o c i a t i o n  w a s  confirmed by 

conduct ing  an  exper imenta l  r u n  ( # 6 )  i n  a humidi f ied  environ-  

ment. 

It should  be noted  t h a t  e x c e p t  i n  Run #9 t h e  numbers 
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of r ecove red  s p o r e s  are n o t  c o r r e c t e d  f o r  v a r i a t i o n s  i n  t he  

monitored t empera tu re  o f  t he  heat block. I n  no case are t h e  

c o u n t s  c o r r e c t e d  f o r  t empera tu re  v a r i a t i o n s  between t h e  

monitored t empera tu re  and the  t empera tu re  a t  t h e  spo re  ex- 

posu re  p o s i t i o n .  T h i s  da ta  i s  avai lable  and w i l l  be used 

i n  t h e  f u t u r e  t o  correct the  r e s u l t s  of  t h e  p a s t  runs.  T h e  

c o r r e c t i o n s  w i l l  be minor and should have l i t t l e  effect  on 

any c o n c l u s i o n s  reached. 

The effect  of heat-up and cool-down on t h e  da ta  has 

n o t  been e v a l u a t e d ,  T h e  heat-up and cool-down characteris- 

t ics  measured i n  t h e  dummy package are  shown i n  F i g u r e  4.3. 

A s t r o n g  a s s o c i a t i o n  has a l s o  been noted  between 

LINES L W s E  

t rY .  

F I G U R E  4.3 

Heat-up and cool-down characterist ics o f  t h e  
mated s u r f a c e  package, measured w i t h  thermo- 
c o u p l e s  a t  t h e  l o c a t i o n  o f  t h e  s p o r e  d e p o s i t s  
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s u r f a c e  f i n i s h  and D-value as shown i n  t h e  r e s u l t s  of 

Run #13. 

SUMMARIES OF EXPERIMENTAL RUNS 

Run #1, June  25 ,  1968 
T h e  r u n  used type  302 s t a i n l e s s  s teel  

wi thou t  s e p a r a t o r s .  T h e r e  were 20 s p o r e  
d e p o s i t s  p e r  p l a t e .  

Packages w e r e  f o i l  wrapped. 
D = 66 min. 

Run #2, J u l y  18, 1968 
A s t a n d a r d  base p l a t e  and l a y o u t  f o r  

s p o r e  d e p o s i t s  on t h e  base  p l a t e  have been 
adopted as shown i n  F i g u r e  4.4.  T h e  u s e  of 
n i n e  s p o r e  d e p o s i t s  p e r  p l a t e  i s  a comprom- 
i s e  between t h e  need t o  examine v a r i o u s  
l o c a t i o n s  i n  t h e  mated s u r f a c e  area and t h e  
need t o  i n c l u d e  a number of  c o n d i t i o n s  i n  a 
g iven  experiment .  Run #2 i nc luded  a 
sequence of s t a n d a r d  packages p l u s  two modi- 
f i e d  packages which were exposed f o r  80 
minutes:  

1. A package w i t h  s p o r e s  d e p o s i t e d  % 
i n c h  from t h e  edge of t h e  base 
p l a t e  a s  shown i n  F i g u r e  4.5.  

2 .  A s t a n d a r d  package whose exposed 
f r o n t  end w a s  n o t  c u t  o f f  du r ing  
t r e a t m e n t .  

The  d i f f e r e n c e s  between t h e  three 

To decrease t empera tu re  overshoot  i n  
packages were n o t  s i g n i f i c a n t .  

t h e  heat block,  a var iab le  t r ans fo rmer  w a s  
i n s e r t e d  i n  t h e  heater l i n e  f o r  t h i s  and all 
subsequent  runs .  The t empera tu re  f l u c t u a -  
t i o n  w a s  decreased from + 3 O F  i n  Run #1 t o  - +2"F  i n  t h e  p r e s e n t  run ,  
wrapped, 

- 
Packages were f o i l  

D = 55 min, 

Run #3, Auqust 8 ,  1968 
T h e  fo l lowing  packages w e r e  inc luded:  
1. Standard  f o i l  wrapped packages 

2 ,  A package w i t h  a .0005 i n c h  sep-  
exposed a t  20 and 80 min. 

a r a t o r  exposed f o r  80 min. 
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x X X 

FIGURE 4.4 
Standard l a y o u t  

of spo re  d e p o s i t s  

3 .  A package w i t h  
exposed f o r  80 

4.  A package i n  a 

X 

X 

X 

X 

x X 

x 

x x I 
F I G U R E  4.5 

M6dified l a y o u t  
of spoEe d e p o s i t s  

a .005 i n c h  s e p a r a t o r  
min. 
my1 ar- po lypropyl  m e  

h e a t  s ea l ed  envelope from which the 
end w a s  n o t  c u t  o f f ,  exposed f o r  80 
min. 

There i s  a g r e a t  deal of v a r i a b i l i t y  i n  
t h i s  data,  probably due  t o  d e f e c t i v e  opera- 
t i o n  of t h e  Misco lambda p i p e t t e r  used t o  
d e p o s i t  t h e  spo re  suspension.  I n  f u t u r e  runs 
an Eppendorf m i c r o p i p e t t e  w i l l  be used. 

A second source  of v a r i a t i o n  i n  t h e  data 
i s  evidenced by a tempera ture  map of t h e  heat 
b lock  which shows a v a r i a t i o n  of about  +4"F 
i n c l u d i n g  a l e f t  t o  r i g h t  v a r i a t i o n .  
i n c r e a s e  un i fo rmi ty  and t o  e l i m i n a t e  t h e  l e f t  
t o  r i g h t  v a r i a t i o n ,  f o u r  c a r t r i d g e  h e a t e r s  
p e r  block w i l l  be i n s t a l l e d  i n s t e a d  of two. 
The heaters w i l l  be ope ra t ed  a t  reduced 
power so t h a t  f l u c t u a t i o n  due t o  overshoot  
w i l l  a lso be decreased. 

The mylar package shows a h ighe r  sur-  
v i v a l  a'fter t r ea tmen t  i n d i c a t i n g  t h a t  it i s  
less permeable than  t h e  f o i l  wrap as would be 

TZ 
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expec ted .  It w a s  i n t ended  t h a t  t h e  mylar 
package be comple te ly  sealed; however, a i r  
t r apped  i n  t h e  package created a small gap 
i n  t h e  heat seal when t h e  package w a s  
clamped between t h e  blocks.  T h e  average  D- 
v a l u e  of t h e  packages w i t h  s e p a r a t o r s  i s  
somewhat l o w e r  t h a n  t h a t  of t h e  r e g u l a r  
package as would a l so  be expec ted  due t o  t h e  
openings  produced by t h e  s e p a r a t o r s .  

Dstd.  pkg. = 66 min. 
Dmylar pkg. = 88 min. 
Dstd.  pkg. w i t h  s e p a r a t o r  = 48 min. 

Run #4, August 29, 1968 
Mated s u r f a c e s  of t ype  301 s t a i n l e s s  

steel  w e r e  used;  t hey  have a s l i g h t l y  more 
p o l i s h e d  s u r f a c e  than  t h e  type  302 p l a t e s  
used i n  Runs #1-3. Type 301 has s i n c e  been 
shown t o  g i v e  a l o n g e r  s u r v i v a l  t han  type  
302. 

T h e  r u n  i n v e s t i g a t e d  t h e  var iab le  of 
p l a t e  s e p a r a t o r  t h i c k n e s s  a t  a t r e a t m e n t  
t i m e  of 80 minutes ;  s e p a r a t o r  t h i c k n e s s  
var ied between ze ro  and ,015 i nches .  The D- 
v a l u e s  showed a decrease w i t h  i n c r e a s i n g  
s e p a r a t o r  t h i c k n e s s  as would be expected.  

The r u n  w a s  performed a f t e r  a change 
f r o m  humid summer weather t o  cool  f a l l  weath- 
er  i n  t h e  non-air-condi t ioned l a b o r a t o r y .  
Although t h e  d e w  p o i n t  w a s  n o t  measured dur- 
i n g  the  r u n ,  t h e  decrease i n  D-value f r o m  
p r e v i o u s  r u n s  i s  now a t t r i b u t e d  t o  a decrease 
i n  dew p o i n t .  

D s t d ,  pkg. 
'.0005" s e p  
D.005ft sep.  
D.015ff sep.  

= 32  min. 
= 2 8  min. 
= 28 min. 
= 24 min. 

Run #5, September 1 2 ,  1968 
Two t y p e s  of f o i l  wrapped packages were 

used i n  t h e  t e s t .  They are r e f g r r e d  t o  as 
r e g u l a r  and w e t .  To p r e p a r e  t h e  w e t  packages,  
s p o r e s  w e r e  d e p o s i t e d  on t h e  base p l a t e  i n  
t h e  normal manner b u t  as soon as t h e  v i s i b l e  
water d r o p l e t  evapora t ed ,  t h e  package w a s  

41 



wrapped and p u t  under  a l i g h t  weight  over-  
n i g h t .  To p r e p a r e  t h e  r e g u l a r  package, t h e  
base p l a t e  i s  p u t  i n  a l o o s e l y  covefed t r a y  
and al lowed t o  e q u i l i b r a t e  o v e r n i g h t  w i t h  t h e  
c l e a n  room atmosphere b e f o r e  be ing  wrapped. 
The a l l o c a t i o n  of packages t o  t r e a t m e n t s  i s  
as fo l lows:  

Regular  W e t  - 
Wrapped c o n t r o l  X X 
20 minutes  X - 
45 minutes  X X 
80 minutes  X - 
1 2 0  minutes  X X 

I n  an a t t e m p t  t o  reduce  t h e  v a r i a b i l i t y  
of t h e  data t h e  spo re  suspension w a s  son ica t ed  
f o r  three minutes  before d e p o s i t i o n  on t h e  
base p l a t e s .  N o  change i n  v a r i a b i l i t y  w a s  
noted.  

and w e t  packages was v i s i b l e ;  t h e  f o i l  package 
may be s u f f i c i e n t l y  permeable t h a t  w a t e r  
vapor  i s  l o s t  i n  s p i t e  of  be ing  wrapped and 
weighted. 

D = 2 3  min. 

N o  c o n s i s t e n t  d i f f e r e n c e  between r e g u l a r  

Run #6, September 25 ,  1968 
T h e  run  w a s  Derformed t o  confirm t h e  

s u s p i c i o n  t h a t  t h e  s h o r t e r  D-values of Runs 
#4 and 5 w e r e  caused by a lower dew pcbint 
d u r i n g  t r e a t m e n t  of  t h e  spores .  The p la tes  
w e r e  treated i n  a humidif ied incuba to r  which 
had a d r y  bu lb  tempera ture  of 90°F and a w e t  
b u l b  tempera ture  of 69°F. Packages and 
t r e a t m e n t s  w e r e  as fo l lows:  

Reqular  W e t  - 
Wrapped c o n t r o l  X X - 20 minutes  X 
40 minutes  X X 
80 minutes  X 
160 minutes  X X 

- 

The w e t  packages w e r e  prepared as f o r  
Run #S;  a g a i n  there w e r e  no c o n s i s t e n t  d i f -  
f e r e n c e s  between the  r e g u l a r  and w e t  packages.  
As i n  R u n  #S the  packages w e r e  f o i l  wrapped 
and type  301 s t a i n l e s s  steel  w a s  used f o r  t h e  
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mated s u r f a c e .  
D = 50 min. 

Run #7 ,  September 30 ,  1968 
The r u n  w a s  performed t o  compare t h e  

f o i l  package used i n  e a r l y  r u n s  w i t h  t he  
mylar package t e s t e d  b r i e f l y  i n  Run # 3 .  B o t h  
packages w e r e  exposed a t  20, 50 and 100 
minutes  and w e r e  p repared  as wrapped c o n t r o l s .  
The t r e a t m e n t  environment had a d ry  b u l b  
t empera tu re  of 76°F and a w e t  bu lb  tempera- 
t u r e  of  6 3 ° F  t o  g i v e  a r e l a t i v e  humidi ty  of 
abou t  49%. 

there  w a s  no detectable d i f f e r e n c e  between 
t h e  f o i l  and t h e  mylar-polypropylene packages.  
A t  t h e  100 minute  t r e a t m e n t  t h e  f a i l  packages 
showed a c o n s i d e r a b l e  lower s u r v i v a l  t han  d i d  
t h e  mylar package. The e x p l a n a t i o n  f o r  t h e  
sudden d ive rqence  i s  unknown. 

A t  t r e a t m e n t  t i m e s  of 20 and 50 minutes  

- 
= 4 2  min. 
= 5 8  min. 

D f o i l  pkg. 
Dmylar pkg. 

NOTE: Hencefor th ,  t h e  "Standard Package" i s  mylar-polypro- 
py lene  wrapped. 

Run #8, October 3 ,  1968 
The s t a n d a r d  mylar  package w i t h  t h e  end 

c u t  o f f  w a s  compared t o  t h e  behavior  of  a 
package l e f t  sealed dtiring t r ea tmen t .  Type 
301 s t a i n l e s s  st.eel w a s  used f o r  t h e  compar- 
i s o n .  I n  a d d i t i o n ,  a s t anda rd  package u s i n g  
t y p e  302 s t a i n l e s s  s teel  w a s  exposed f o r  110 
minutes  t o  begin  t o  measure t h e  d i f f e r e n c e  
between t h e  two t y p e s  o f  s t a i n l e s s  s teel .  

Sealed Open End Open End 
Package Package Package 
Type 301 Type 301 Type 302 - - Wrapped c o n t r o l  X 

20 minutes  X X - 
50 minutes  X X - 
110 minutes  X X X 

T h e  t r e a t m e n t  environment had a dry  bu lb  
t empera tu re  of 75OF and a w e t  b u l b  tempera- 
t u r e  of 58OF. 

There  w a s  no measurable  d i f f e r e n c e  
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between t h e  means of  t h e  sealed and unsealed 
packages except  a t  110 minutes;  even t h e r e  
t h e  d i f f e r e n c e  w a s  n o t  s t a t i s t i c a l l y  s i g n i f i -  
c a n t .  There w a s ,  however, a c o n s i s t e n t  d i f -  
f e r e n c e  i n  t h e  v a r i a t i o n  w i t h i n  packages 
wi th  t h e  unsealed ( r e g u l a r )  package having 
about  one-half t h e  s tandard  d e v i a t i o n  of the  
sealed package. It i s  due t o  a more r a p i d  
d e s t r u c t i o n  i n  t h e  f r o n t  row of t h e  unsealed 
package due t o  more r a p i d  d i f f u s i o n  of water 
from t h e  f r o n t  row i n t o  t h e  r e l a t i v e l y  c l o s e  
e x t e r n a l  environment. 

lower mean than  t h e  type  301 packages and it 
showed a ve ry  l a r g e  f r o n t  t o  rear d i f f e r e n c e  
wi th in  t h e  package, almost two o r d e r s  of 
magnitude i n  r o w  means. T h e  type  302 s t a i n -  
less steel  has a somewhat roughbr s u r f a c e  
than  t h e  type  301 and has brush marks which 
run f r o m  t h e  f r o n t  t o  t h e  rear of t h e  package; 
bo th  fac ts  should f a c i l i t a t e  d i f f u s i o n .  

T h e  type  302 package showed a s l i g h t l y  

D3Q1 unsealed = 50 min. 
= 46 min. D301 sea l ed  

D302 unsealed = 40 min. 

'Run #9, October 14 ,  1968 
The run w a s  carried o u t  w i t h  t he  h e a t  

block i n  a r e f r i g e r a t o r  t o  measure t h e  effect  
of a reduced dew p o i n t  on D-value. T h e  d ry  
bu lb  temperature  of t h e  r e f r i g e r a t o r  w a s  48°F; 
t h e  w e t  bu lb  temperature  w a s  42.5"F. The run 
used type  301 s t a i n l e s s  steel  p l a t e s  treated 
a t  2 0 ,  40, 80,  and 120 minutes and addi t ion-  
a l l y  a type  302 s t a i n l e s s  steel p l a t e  ex- 
posed a t  80 minutes. Temperatures i n  t h e  
h e a t  block w e r e  n o t  completely c o n s t a n t  
dur ing  t h e  run ,  ranging from 110°C dur ing  t h e  
20 minute t r ea tmen t  $p t o  1 2 5 ° C  du r ing  t h e  
120 minute t rea tment .  To measure t h e  D-value 
of  t h e  spo res  a t  125"C, t he  counts  have been 
c o r r e c t e d  us ing  a z-value of 2 1 ° C  according 
t o  t h e  procedure descr ibed  i n  t h e  Experimene- 
a1 Procedure sec t ion .  

The r e s u l t s  show no d i f f e r e n c e  between 
type  301 and type  302 s t a i n l e s s  steel i n  t h i s  
run. T h i s  i s  d i f f e r e n t  from the  r e s u l t  ob- 
t a i n e d  ear l ier ;  t h e  discrepancy cannot  be 
expla ined  a t  t h i s  t i m e .  
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D = 30 min. 

Run #lo, October  1 7 ,  1968 
T h e  r u n  w a s  an a t t e m p t  t o  compare t h e  

s p o r e s  which have been used i n  p r e v i o u s  r u n s  
w i t h  a new c r o p  of s p o r e s  produced r e c e n t l y  
i n  o u r  own l a b o r a t o r i e s .  T h e  s p o r e s  used i n  
r u n s  1 through 9 had been stored i n  a l c o h o l  
suspens ion  i n  a f r e e z e r  f o r  about  one y e a r  
and had been spun down, resuspended i n  water ,  
d iv ided  i n t o  a l i q u o t s  and r e f r o z e n .  The new 
c r o p  of s p o r e s  has seen  on ly  a water environ-  
ment and has  n o t  been f rozen .  T h e  tempera- 
t u r e s  of t h e  t r e a t m e n t  environment w e r e  d r y  
b u l b  7S°F, w e t  b u l b  61'F. D-values i n  t h e  
neighborhood of 15 minutes  w e r e  ob ta ined  f o r  
b o t h  c r o p s  of s p o r e s  a l though  t h e  data  i s  
f a r  too i n a c c u r a t e  t o  a l low a closer estimate. 
W e  can say  q u i t e  d e f i n i t e l y ,  however, t h a t  
the  o lder  s p o r e s  w i t h  a h i s t o r y  of  a l c o h o l  
s t o r a g e  are  more r e s i s t a n t  t o  d r y  heat than  
i s  t h e  new c r o p  of  spores .  

Run #11, October 2 1 ,  1968 
Run #11 was performed i n  an a t t e m p t  t o  

s e p a r a t o r  between t h e  p l a t e s .  T h e  new c r o p  
of water s t o r e d  s p o r e s  w a s  used. Due t o  t h e  
unexpec ted ly  l o w  D-values of Run #lo, Run #11 
w a s  o n l y  p a r t i a l l y  processed .  The c o n t r o l s  
show a v e r y  h igh  v a r i a b i l i t y  and t h e r e f o r e  
t h e  remainder  of t h e  run  w a s  n o t  processed .  
The t r e a t m e n t  environment w a s  d r y  b u l b ,  74'F, 
w e t  b u l b ,  57'F. 

, measure the  e f f ec t  of  p l a c i n g  a .001 i n c h  

Run #12, October 2 4 ,  1968 
T h e  r u n  a t tempted  t o  compare t h e  s t a n -  

da rd  package w i t h  a package having a .0005 
i n c h  s e p a r a t o r .  The t r e a t m e n t  w a s  65 min- 
u t e s  and t h e  suspens ion  of new, water-stored 
s p o r e s  w a s  used. T h e  c o u n t s  are t o o  low f o r  
a good comparison between t h e  s t a n d a r d  
package and t h e  package w i t h  t he  s e p a r a t o r .  
The grand mean of the  s t a n d a r d  packages i s  
2 2  and t h a t  of t h e  packages w i t h  s e p a r a t o r s  
i s  9.4;  however, t h e  data  i s  h i g h l y  v a r i a b l e .  

Run #13, October  2 8 ,  1968 
T h e  run  w a s  a comparison between type  
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301 (smooth) and type  3.02 (less smooth) 
s t a i n l e s s  s teel  mated s u r f a c e s .  Treatments  
w e r e  wrapped c o n t r o l ,  20 minutes ,  40 minutes  
and 60 minutes .  ' T h e  spo res  w e r e  cond i t ioned  
i n  an environment w i t h  75OF d r y  bu lb  temper- 
a t u r e  and 55.5OF w e t  bu lb  temperature .  They 
w e r e  t r e a t e d  i n  an environment w i t h  a 76°F 
d r y  bulb tempera ture  and a 55.5"F w e t  bu lb  
temperature .  The t e s t  spo res  were from t h e  
new c rop  which has  been s t o r e d  i n  water and 
n o t  f rozen .  T h e  coun t s  a t  40 and 6 0  minutes  
on t y p e  302 s t a i n l e s s  s teel  a r e  too  low f o r  
g r e a t  accuracy ,  as i s  t h e  count  a t  6 0  min- 
u t e s  on type  301 s t a i n l e s s  steel .  However, 
it i s  clear t h a t  there i s  a s i g n i f i c a n t  d i f -  
f e r e n c e  between type  301 and 302 s t a i n l e s s  
steel  s u r f a c e s  i n  t h i s  p a r t i c u l a r  experiment .  
W e  a t t r i b u t e  t h e  difference t o  t h e  d i f f e r e n c e  
i n  s u r f a c e  f i n i s h e s  of t h e  t w o  materials and 
n o t  t o  any d i f f e r e n c e  i n  chemical composi- 
t i o n  of t h e  steels. O t h e r  workers have 
shown t h a t  a v a r i a t i o n  between, f o r  example, 
g l a s s  and s t a i n l e s s  steel  s u r f a c e s  i n  open 
systems produces a v e r y  s m a l l  v a r i a t i o n  i n  
D-value. 

s t a i n l e s s  s teel  showed a recovery  of ze ro  
spo res ;  t h i s  i s  f u r t h e r  conf i rma t ion  of t h e  
extremely low contaminat ion  ra te  of t h e  t es t  
and recovery  system, Because of t h e  v a r i a -  
b i l i t y  problems t h e  u s e  of t h e  new w a t e r  
stored s p o r e s  w i l l  b e  d i scon t inued  and t h e  
a l c o h o l  s t o r e d  s p o r e s  w i l l  be used. 

T h e  60 minute  package w i t h  type  302 

= 18 min. D301 (smooth) 

D302 
- - 

( less  smooth) 9 min. 

Run #14, November 4-6, 1968 
The run  w a s  used t o  measure t h e  effect  

of d e l a y s  between the  p r e p a r a t i o n  and pack- 
ag ing  of  t h e  mated s u r f a c e  packages and t h e  
h e a t i n g  of t h e  packages.  It w a s  necessa ry  
t o  measure t h e  effect  s i n c e  a marathon run  
w i l l  be carried o u t  t o  measure more e x a c t l y  
t he  effect of t r e a t m e n t  dew p o i n t ;  d e l a y s  
between packaging and h e a t i n g  65 t h e  packages 
w i l l  be  r e q u i r e d  i n  t h e  experimental  des ign .  

c o n d i t i o n i n g  t i m e  gave a t o t a l  recovery  of 
A 65 minute  t r ea tmen t  a f te r  t h e  normal 
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992 s p o r e s  from two b a s e p l a t e s .  A f t e r  a 24 
hour  d e l a y  t h e  recovery  w a s  2 2 8  spo res .  
A f t e r  a 48 hour d e l a y  t h e  r ecove ry  w a s  384 
spores .  Because of these r e s u l t s  t h e  start-  
i n g  t i m e  of t h e  marathon r u n  w i l l  b e  de layed  
f o r  abou t  24 hour s  p a s t  t h e  normal cond i t ion -  
i n g  t i m e  of t h e  s p o r e s  used i n  t h e  f i r s t  13 
r u n s  , 

s t o r a g e  w e r e  used i n  t h i s  r u n  and w i l l  be 
used i n  f u t u r e  r u n s  u n t i l  t h e  cause  of  va r -  
i a b i l i t y  i n  t h e  new water s t o r e d  spore  c r o p  
i s  p i n p o i n t e d  and cu red ,  

The deVJ p o i n t  of t h e  c o n d i t i o n i n g  
environment w a s  approximately 55'F. 

The o l d  s p o r e s  w i t h  a h i s t o r y  of  a l c o h o l  

= 33 min. Dnormal c o n d i t i o n i n g  

D 2 4  hour d e l a y  = 25 min. 
= 26 min. D48 hour d e l a y  

Dmean = 2 8  min. 

CONCLUSIONS 

T h e  c o n d i t i o n i n g  and t r e a t m e n t  h u m i d i t i e s  of t h e  t e s t  

system have a major effect  on t h e  D-value which i s  measured. 

Whether t he  c o n d i t i o n i n g  o r  t h e  t r e a t m e n t  humidi ty  i s  more 

impor t an t  canno t  be determined from p r e s e n t  data.  Whether 

humidi ty  should  refer t o  r e l a t i v e  humidi ty ,  d e w  p o i n t  o r  t h e  

p a r t i a l  p r e s s u r e  of water vapor  i n  t h e  system cannot  be 

determined a t  t h i s  t i m e .  It i s  l i k e l y  t h a t  d u r i n g  cond i t ion -  

i n g  t h e  r e l a t i v e  humidi ty  i s  the parameter  which de te rmines  

t h e  amount of  water i n  t h e  s p o r e ;  i t  would be i n  keeping 

w i t h  t h e  behavior of hygroscopic  materials whose water 

e q u i l i b r i u m  i s  determined l a r g e l y  by the  r e l a t i v e  humidity.  

During t r e a t m e n t  t h e  re la t ive  humidi ty  i s  extremely l o w  and 

i s  n o t  comple te ly  measurable  s i n c e  t h e  t r e a t m e n t  re la t ive  
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humidity depends on t h e  re la t ive  humidify of the  environment 

and on the  amount of water r e l e a s e d  from t h e  t es t  system; 

the  spore  a l t e r s  the  humidity of i t s  microenvironment by 

r e l e a s i n g  water. 

Even p r i o r  t o  f u r t h e r  a n a l y s i s  there i s  d e f i n i t e l y  a 

r e l a t i o n  between s u r v i v a l  and l o c a t i o n  of t h e  spore  d e p o s i t  

on t h e  base p l a t e .  Row A a t  t h e  open end of  t h e  package 

shows a lower s u r v i v a l  than  do t h e  more p ro tec t ed  rows. 

There i s  appa ren t ly  some d i f f u s i o n  o u t  of t h e  s ides  and rear 

of t h e  mated s u f f a c e  system s i n c e  p o s i t i o n  B2 a t  t h e  center 

of t h e  mated s u r f a c e  u s u a l l y  shows t h e  best s u r v i v a l ;  i t  i s  

n o t  unexpected s i n c e  t h e  package does n o t  g i v e  a t i g h t  seal 

t o  t he  edge of t he  mated sur face .  T h e  e l eva ted  recovery a t  

p o s i t i o n  B2 a l s o  i n d i c a t e s  t h a t  a l a r g e r  mated s u r f a c e  would 

g i v e  a s t i l l  h igher  recovery i n  t h e  c e n t e r .  Therefore ,  t he  

D-values which are quoted are by no means t h e  h i g h e s t  which 

may be obta ined  i n  a mated s u r f a c e  system. 

Sur face  f i n i s h  has an effect  on D-value w i t h  t h e  

rougher s u r f a c e  g iv ing  a lower s u r v i v a l ;  t h e  rougher su r face  

which w a s  used i s  brushed i n  t h e  d i r e c t i o n  of maximum d i f f u -  

s ion*which probably accen tua te s  t h e  effect .  It is l i k e l y  

t h a t  a rougher s u r f a c e  w i l l  g i v e  s t i l l  l o w e r  D-values by 

provid ing  more pathways f o r  d i f f u s i o n ;  whether a more pol i shed  

s u r f a c e  w i l l  g i v e  s i g n i f i c a n t l y  h igher  D-values i s  unknown 

al though a t  least  a s l i g h t  r i se  seems l ike ly .  
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T h e  effect  of p l a c i n g  s p a c e r s  between t h e  mated 

s u r f a c e s  i s  n o t  c lear  a t  t h i s  p o i n t ;  however, w e  can say  t h a t  

t h i c k  s p a c e r s  should g i v e  r e s u l t s  comparable t o  an open system. 

T h e  hand l ing  h i s t o r y  of t h e  s p o r e s  has a c l e a r c u t  

effect  on t h e i r  s u r v i v a b i l i t y  and on t h e i r  r e l i a b i l i t y  of 

behavior. T h e  o lder  c r o p  of  s p o r e s  used i n  most of  t h e  ex- 

pe r imen ta l  r u n  had been s tored i n  a l c o h o l  suspens ion  i n  a 

f r e e z e r  f o r  abou t  one yea r .  It showed longe r  D-values and 

h i g h e r  r e l i a b i l i t y  t h a n  a new c r o p  of spo res  which had been 

stored i n  w a t e r  and had n o t  been f rozen .  

FUTURE WORK 

The m o s t  impor t an t  effects  t o  be measured are t h e  

effects of  c o n d i t i o n i n g  and of t r e a t m e n t  humid i t i e s .  To 

measixe t h e  effects ,  a series of exper iments  h a s  been des igned  

based on t h e  dew p o i n t  of t h e  c o n d i t i o n i n g  and t r e a t m e n t  

systems. Three c o n d i t i o n i n g  dew p o i n t s  ( 3 8 " F ,  5 5 ° F  and 70°F) 

and f o u r  t r e a t m e n t  dew p o i n t s  ( 3 8 " F ,  5 5 " F ,  63°F  and 70°F) 

w i l l  B e  tested: t h e  d e w  p o i n t s  have been chosen because they  

are adequa te ly  s e p a r a t e d  and are  conven ien t ly  a v a i l a b l e  i n  

t h e  l a b o r a t o r y .  An e x t r a  t r e a t m e n t  d e w  p o i n t  has been in -  

serted s i n c e  it r e p r e s e n t s  t h e  upper level  of d e w  p o i n t s  

which might  appear  i n  a working environment.  T h e  experiment 

w i l l  be carried o u t  i n  three s e c t i o n s .  A batch of base p l a t e s  

w i l l  be made up and cond i t ioned  a t  one humidi ty;  it w i l l  be 
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subdivided and t r e a t e d  i n  each of  t h e  f o u r  t r e a t m e n t  env i r -  

onmente. Four r e p l i c a t e s  w i l l  be t r e a t e d  a t  each of  thcee 

t i m e  p e r i o d s  i n  each of the  f o u r  t r e a t m e n t  environments .  

For each c o n d i t i o n i n g  environment ,  48 mated s u r f a c e  packages 

w i l l  be t r e a t e d .  T h e  f irst  s e c t i o n  of t he  experiment ,  u s ing  

a c o n d i t i o n i n g  d e w  p o i n t  of 55"F ,  has  been carried o u t  b u t  

t h e  r e s u l t s  w i l l  n o t  be processed i n  t i m e  f o r  i n c l u s i o n  i n  

t h i s  r e p o r t .  ThB r a w  d a t a  f a l l  i n  l i n e  w i t h  t h e  conc lus ions  

above . 
Two q u e s t i o n s  may be  attacked by p l a c i n g  s e p a r a t o r s  

of va ry ing  t h i c k n e s s  between the mated s u r f a c e .  W e  should 

know t h e  separator t h i c k n e s s  r e q u i r e d  t o  make t h e  mated sur-  

face system approach t h e  behavior  of an open system. Second- 

t l y ,  t h e  u s e  of a channeled s e p a r a t o r  w i l l  make d i f f u s i o n  

i n s i g n i f i c a n t  expept  a long t h e  channel  thereby  removing t h e  

effect  of d i f f u s i o n  o u t  of t h e  side and rear of t he  mated 

s u r f a c e .  

The z-value of t h e  system w i l l  be measured t o  see i f  

it compares w i t h  t h e  r e s u l t s  ob ta ined  i n  o t h e r  systems. A 

l o w  tempera ture  i n  a mated s u r f a c e  syktem may have a unique 

effect; s i n c e  t h e  behavior  of t h e  system appears  t o  depend 

on d i f fus i c in ,  by a l lowing  a much longe r  t i m e  f o r  d i f f u s i o n ,  

a l o w  tempera ture  t r e a t m e n t  might tend t o  g i v e  a lower sur-  

v i v a l  t han  would be p r e d i c t e d  on t h e  basis of temperature  

a lone .  Whether t h e  effect  can be detected i n  the  p r e s e n t  

50 



system i s  n o t  known.. 

T h e  u s e  of  g a s k e t i n g  materials between t h e  mated 

s u r f a c e s  has  been contemplated.  They could  be used t o  s e a l  

t h e  sides and rear of t h e  mated s u r f a c e ,  t he reby  s i m p l i f y i n g  

t h e  d i f f u s i o n  p a t t e r n  or  t h e y  could  be used as an  i n t e r l e a f  

t o  see i f  t h e y  would decrease t h e  D-values; a decrease i n  

mated s u r f a c e  D-values might he lp  t o  decrease t h e  s t e r i l i z a -  

t i o n  t i m e  f o r  s p a c e c r a f t .  

It would be p o s s i b l e  t o  s tudy  a l a r g e r  mated s u r f a c e  

system; however, i t  would r e q u i r e  c o n s t r u c t i o n  of  a new hea t  

b lock  u n i t  and t h e  c o s t  p e r  r u n  would be g r e a t l y  i n c r e a s e d  

s i n c e  t h e  mated s u r f a c e s  would have t o  be s p e c i a l l y  f a b r i c a t e d .  

T h e r e f o r e ,  such a t es t  i s  n o t  contemplated a t  p r e s e n t .  
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EXAMPLES OF RAW DATA 

T h e  s e m i  raw-data sheets of three t y p i c a l  expe r i -  
mental  r u n s  i l l u s t r a t e  t h e  g e n e r a l  characterist ics o f ' t h e  .- 

data which are be ing  c o l l e c t e d .  Dupl ica te  p l a t e  coun t s  and 
d i l u t i o n  f a c t o r s  have been processed  i n t o  estimates of 
numbers of s p o r e s  f o r  c l a r i t y ,  

RUN NO. 6 OAT€ OF IiEATING 9-2 s- 6% 

'C;Package w lL& .L@-% 
T r e a t G n t  

Time (*din.) 0 ;Temp. 
9 3ata Po in ts ,  2 Subdata per Data P o i n t  

Data Map: No. of Spores ( A i l  numbers I (0" ) 
Row A a t  open end of p a c k a g r  

Column 
I - 2 -  3 -  Row. Av. 

A 
Col. Av. 

Remarks: 

\ . I \  1.zr 1.3z 

- *C; Package w+ &-w& Time (Min.) 0 ;Temp. 
9 Data Points. 2 Subdata per  Date P o i n t  

Treatment 

Treatment 
Time (fain.) LO 
9 Jata Poin ts .  2 Subdata p e r  Data P o i n t  

x = SG.+ Pi .  Ct;. ( z . r t r i  O'+Spores) 
5data= 1- % (=%I 

; ~ m p .  ias.v 0C;pacbge % 

y. 
Data Map: No. of Spores ( A i l  numbers x 10 1 

Ron A a t  open end of p a c k a g r  

A J.93 1.03 - 
Col.Av. - - 
Remarks : - - 
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RUN NO. 6 DATE OF I iEATiff i  9- z5̂ - 68 

Time (Win.) C c - 0  ;Temp. IZs.8 #C;Package 
9 Data Points, 2 Subdata p e r  Data P o i n t  

Z = 67.2. PI. Cts. (3.36 ~ t ~ % p o r e s )  

Sdata' 6 .IL 'Zui.A ' 

Treatment 

Y 
Data Map: No. of Spores ( A i  I numbers Y Io) 

Row A a t  open end of package 

Column 
I Row. Av. 2 -  3 -  

B 33p +-.sa 3.25 
A 2 . 0 3  I .bS 1-70 

Col. Av. __ 
Qemarks: 

Treatment 
Time (Min.)  '.t 0 , 
9 Data Points. 2 Subdata oer Data P o i n t  

:Temp. 125.9 'C; Package w$- 

3 
Data Map: No. of Spores ( A I  I numbers Y 10 ) 

Row A a t  open end of p a c k a g r  

Remarks: ' 

Treatment 
T~me (Mtn.)  B 0 , T e m p . 1 ~ ~ . ~  %,Package 
9 3ata Points, 2 Subdata p e r  Data P o i n t  

F = L % ~  PI. Cts. ( t . l ~ % l O  spores) 
Sdata= I F 0 (Jg-0 

3 

h 
Data Map: No. of Spores ( A l l  numbers x 10) 

Row A a t  open end of package 

Co I umn - i - 2 -  Row. Av.  

B %tzi I_ 

A 525.  __II 

- 
ROW 
7 11.9 2.&0 16.7 

C o L A v .  - - 
Remarks: 

Treatmert 
Time (Min.1 ! fs% ;Temp. I?-r.P @C;Package % 
9 Jets Po in ts  u a t a  per Data P o i n t  

i ~ =  t+ PI.G~S. ( I 2 0  Spores) 

Sdata' -(a%) 

Data Map: No. of Spoies ( A l i  numbers x L l  
Ron A a t  open end of package 

I - Column 
Row. Av. - z. 2 -  
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Data Map: No. of Spores ( A i l  numbers x I) 
Raw A at own end of package 

RUN NO. 8 DATE OF HEATING 10-3- 68 

r 
Data Map: No. of Spores ( A I  I numbers x 10 1 

f b w  A at open end of p a c k a g y  

Treatment 
Tim (Min.1 ?o 
9 Data Points, 2 Subdata per Data Point 

x =- PI. Cts. (3.CcLr toYSporer) 
=data. 1 .  1 ' L  ' S I  

;T*ap.cLr.9 'Cjpackage u 
- 

I 2 3 -  Row. Av. 
Row 

B x u L 2 4 e = -  
I.S3 2.3s A 

Col. Av. - 

Y 
1 

~ a r  A at opan end ot p a c k a g 7  
Dsta Map: No. of Spores ( A l l  numbers x 10 



RUN NO. 8 DATE OF HEATING 10 -3- 6P 
Treatment 

Time ( M l n . )  $-a ;Temp. Izc.q 'C;Packageu 
9 Data Po in ts ,  2 Subdata per  D a t d P b i n t  
- 
x -  PI. Cts. (q,76\cto3 Spores) 

Sdata= A(-%) 

3 
Data Map: No. of Spores ( A l l  numbers x 10 > 

Row R a t  open end of p a c k a g r  

l 2 5 -  Row. Av. 
ROW 
-r - -  
0 (1.7 9.0.1 
A 1 . 9 0  . 1.93 3 .90  

Co\. AV. 

Remarks: 

Treatment 
Time (Min.)  ;Temp. IZC-9 'C; P a c k a g e 3  
9 Data Points, 2 Subdata per  Data P o i n t  

x =  PI. c t s .  ( 9 . 8 2 ~ 1 0 ~ p o r e s )  
gdata= n.3 ( 2 3  $1 

- 

3 
Data Map: No. of Spores ( A l l  numbers x lo) 

Row A a t  open end of package 

- I - 2 2 -  Row Av. 

11.3 9.s3 s z  - 
13.8 .Iz.y. 7.bs- 

9 . 5 3  lr9?L - B 
A 7.00 

Col Ax. - 
Remarks: ' 

Treatment 
Tlme (Min.1 110 ;Temp. IZs.9 %;Package u-301 
9 3ata Po in ts ,  2 Subdata per D- 

X '  

Sdata' w - 7  

- 
PI. Cts .  ( 10.6 % I O 3  Spores) 

Data Map: No. of Spores ( A l l  numbers x io3 1 
Raw A a t  open end o f  p a c k a g r  

Treatment 
Time (Min.) ;Temp. 8ZS-q 'C; Package s -30 I 
9 Data Po in ts ,  2 Subdata per  Data P o i n t  - 

Data Map: No. of Spores ( A l l  numbers x lo3 I 
Rw A a t  opan and of p a c k a g r  

Column 
I R o w  Av. 

- 
3 -  

B S.SO T . t O  - 
A 1.13 1.13 . 5 9 5  

9 6 - 3  ,,.; 9 .20  - 
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Trea tmen t  
Time ('din.) 110 ;Temp. IZ5.q %;Package u - 3 0 z 
9 aata P o i n t s .  2 Subda ta  per D m  

x =  PI. C t s .  ( ~ . Y Z Y L I O ~  Spores )  
Sdata '  3 . 9  (-SI 
- 

Data Map: No. of Spores  ( A l l  numbers Y 
Row A a t  open  end  of package 

I - 
Column - 2 -  2 

RUN NO. 13 DATE OF IiCATlNG io-  -2-8- 4 t  
Trea tmen t  

~ C ; P a c k a g e ~ + G A A - ~ O  I Time ['din.) 0 ,Temp. - 
9 ;lata P o i n t s .  2 Subda ta  per Data P o i n t  

X '  
- P I .  C t s .  1 1 . S 6 ~ / o r ~ p o r e s r  

sdata= .a9 ( ~ $ 1  

Data Map: No. of Spores ( A l l  numbers x lo", 
Row A a t  open end of package 

4 d - 3 0 2  Trea tmen t  
Time (Mln.) 0 ;Tenp. - OC; PaClurge\h3 
9 Da ta  Points, 2 Subdata per Data P o i n t  

x =  
s d a f a = A ( Z Q J '  

- P I .  cts. ( I . + C % t o f s p o r e s )  

Data Map: No. of Spores ( A I  I numbers x 10") 
Row A a t  open end of package 

Remarks: . 

Trea tmen t  
Time I M i n . )  20 ;Temp. I % r * Z ' C ; P a c k a g e  30 I 
9 Data P o i n t s ,  2 Subda ta  per Data P o i n t  

X '  P I .  cts. + . X Z y I . ' s p o r e s )  
Sda ta=  L c r a S )  

- 

Row. Av. 



RUN NO. f 3 DATE OF HEATiNG I d  -2% - 

Treatment 
Time (Min.) 2. 0 ;Temp. !2 5-7--°C; Package 3 0 1 
9 Data Points,  2 Subdata p e r  Data P o i n t  
- 
x =  PI. Cts. ( Y.?Wozspores)  

Sdata=-(69s j  

Data Map: No. of Spores ( A l i  numbers x 
Ron A a t  open end of package 

Column 
I 2 Row Av. - - 1 . -  

C 1.0 3.3 - 
B 3.r 9 . 8  r.!r - 
A s.0 9 . T  6 . 0  - 

0 
Row - 

Col Ax. 

RUN NO. 1 3 DATE OF 'KATING 10 -22 - 6B 
Treatment 

Time (Idin.) 4 0 ,Temp. I Z s . L ' C ; P a c k a g e  201 
9 Data P01nt5, 2 Subdata p e r  Data P o i n t  
- 
X '  PI. Cts. ( 10.6 YIO$ores)  
sdata= q.!i ( $0 $ 1  

Data Map: No. of Spores ( A l l  numbers x loz 1 
Row A a t  open end of p a c k a g e  

Column 
I Row. Av. - 2 -  2 -  

Row 
C .7C 1.38 .7 
B 16.4 10.9 6.7-3 
A 931. 2 Y . S  2-9.8 

- - ---  

Cot A". - - - ~ 

Remarks: 

Treatment 
T ine  (Min.) 30 ;Temp. 1 2 r - z 0 C ;  Package 302- 
9 Data Po in ts ,  2 Subdata p e r  Data Po in t  

x =  PI. Cts.  ( 1.8 Spores) 
$data' (- % )  

- 

Data Map: No. of Spores ( A l l  numbers x 1) 
R o w  A a t  open end of package 

Column - I - 2 2 -  Row Av. 

77 -00- c3 
8 030- 
A a * & -  

Ron 

Coi Ax. - 
Remarks : 

Treatment 
Time (Min.) 6 0 ;Temp. 125.2 %;Package 3 0 7 
9 3ata  Points.  2 Subdata p e r  D a t a P o l n f  

X '  PI. ~ t s .  ( 3 2  Spores) 

Sdata' A'=%' 
- 

Data Map: No. of Spores ( A i l  numbers x I) 
Ron A a t  open end of package 

Column 
- I 2 2 -  Row. Av. 

77 3 Y S -  
E I Z e _ P ; L r o -  

Ron 
- 56A 

A & A I S -  
Cot. Av. 

Remarks: 



Data ~ a p :  NO. of Spores ( A I I  numbers x I ) 
Ron A at open end of p a c k a g r  

56B 



DETECTION O F  LOW LEVELS O F  MlCROBIAL CONTAMINATICN 

ON SURFACES BY CHEMICAL APPROACHES 

V. Goppers and H. J. Paulus  
D i v i s i o n  o f  Environmental  H e a l t h  

INTRODUCTION 

I n  the  p r e v i o u s  P rogres s  Repor t ,  cove r ing  t h e  pe r iod  

December 1, 1967, through Nay 3 1 ,  1968 ,  a chemical  method-was 

described w i t h  which i t  w a s  p o s s i b l e  t o  detect  as f e w  as 50 

m i c r o b i a l  ce l l s  on a s o l i d  s u r f a c e  i n  45 minutes .  It may be 

p o s s i b l e  t o  r educe  t h e  number of  c e l l s  examined by a f a c t o r  

of 1 0 ;  however, t h i s  w i l l  r e q u i r e  a d d i t i o n a l  i n s t r u m e n t a t i o n .  

T h i s  equipment is now on o r d e r .  

The f i r s t  s t e p  was t o  answer t h e  q u e s t i o n  "F:ow many 

b a c t e r i a  are on a s u r f a c e ? "  T o  answer t h i s  q u e s t i o n  

chemica l ly  a q u a n t i t a t i v e  a n a l y s i s  of  some chemical  known t o  

be p r e s e n t  i n  t h e  c e l l  i s  made. T h e  second q u e s t i o n  i s  " A r e  

t h e  ce l l s  dead o r  a l ive?".  T h i s  i n v o l v e s  t h e  s tudy  of t h e  

b a s i c  mechanism t h a t  produces d e a t h ,  i n  terms of chemical 

r e a c t i o n s  and t h e i r  end p roduc t s .  H e r e  t h e  assumption i s  

t h a t  t h e  d e a t h  of t h e  ce l l  i s  caused by a non- reve r s ib l e  

chemical r e a c t i o n .  

During t h e  c u r r e n t  p e r i o d  work has been i n i t i a t e d  t o  

answer t h i s  second q u e s t i o n .  I n  these i n i t i a l  experiments  

DNA and o the r  n u c l e o t i d e s  have been examined u s i n g  chroma- 

t o g r a p h i c  t e c h n i q u e s  t o  de te rmine  i f  h e a t i n g  of  m i c r o b i a l  
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ce l l s  produced measurable  chemical changes.  

0 B J E  CT I V  E 

The  o b j e c t i v e  i s  t o  be able t o  u s e  chemical methods 

t o  (1) de te rmine  t h e  number of m i c r o b i a l  c e l l s  p r e s e n t  on a 

s u r f a c e  and ( 2 )  de te rmine  t h e  re la t ive  p e r c e n t a g e s  of l i v i n g  

and dead cel ls .  

EXPERIMENTAL PKOCEDURE 

I n  s t u d i e s  des igned  t o  d i f f e r e n t i a t e  between dead and 

l i v e  microorganisms,  t h e  s e p a r a t i o n  of chemical compounds has 

been accomplished by us ing  t h i n  l a y e r  chromatography accom- 

panied  by i n f r a r e d  spec t rophotometry  f o r  i d e n t i f i c a t i o n  of 

compounds. The q u a n t i t i e s  of materials t h a t  are  be ing  

' analyzed  are  k e p t  on a micro l e v e l ;  however, q u a n t i t i e s  are  

l a r g e  enough so t h a t  t h e y  are n c t  i n f l u e n c e d  by contaminat ion  

t h a t  may be p r e s e n t  i n  t h e  a i r  s i n c e  p r e s e n t  work i s  be ing  

conducted a t  t h e  bench top .  

I n  these i n $ t i a l  s t u d i e s  -- E. c o l i  grown on agar p l a t e s  

i n  a s t a n d a r d i z e d  method are  be ing  used as t h e  mic rob ia l  

s u b s t r a t e .  A t  a l a t e r  date  B a c i l l u s  subt i l i s  v a r .  n i g e r  

s p o r e s  as  w e l l  as o ther  microbial  v e g e t a t i v e  ce l l s  and s p o r e s  

w i l l  be eva lua ted .  Chromatographic p l a t e s  w e r e  p repared  

ahead of t i m e  u s i n g  p u r i f i e d  c e l l u l o s e  powder and d i s t i l l e d  

w a t e r .  A f t e r  d r y i n g  t h e  p l a t e s ,  t h e y  w e r e  c l eaned  chromato- 

g r a p h i c a l l y  i n  o r d e r  t o  exc lude  any contaminants  from the  
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air .  A loop  of E.  c o l i  from t h e  a g a r  p l a t e s  w a s  t r a n s f e r r e d  

t o  a t e s t  t u b e  c o n t a i n i n g  0.5 m l  of d i s t i l l e d  water. Three 

-- 

m i c r o l i t e r s  o f  t h i s  s o l u t i o n  w e r e  a p p l i e d  t o  t h e  p r e v i o u s l y  

prepared  t h i n  l a y e r  chromatography p l a t e s .  F ive  sets of 

chromatography p l a t e s  w e r e  p r e p a r e d .  The p l a t e s  w e r e  t r a n s -  

ferred t o  a d r y i n g  oven a t  130°C f o r  30 minutes ,  one hour ,  

t h r e e  hour s  and 1 5  hour s  r e s p e c t i v e l y .  Following heat t rea t -  

ment, t h e  hea ted  p l a t e s ,  as  well as t h e  non-heated c o n t r o l s ,  

w e r e  developed i n  t h e  chromatographic  chamber us ing  a 

n-butanol ace tone  s o l v e n t  system. After deve lop ing ,  t h e  

s e p a r a t e d  compounds were made v i s i b l e  i n  u l t r a v i o l e t  l i g h t  

and by h e a t i n g .  A t  t h i s  p o i n t  t h e  chromatograms were ready 

f o r  e v a l u a t i o n  by comparison wi th  s t anda rd  compounds used 

i n  t h e  p rocedure  and s t r u c t u r a l  a n a l y s i s  i n  t h e  i n f r a r e d  

spec t rophotometer .  Some chemical changes have been observed.  

RESUL'I'S AND D I S C U S S i O N  

A d e f i n i t e  i n c r e a s e  i n  t h e  s e p a r a t i n g  p a t t e r r , S  was 

e s t a b l i s h e d  between t h e  unheated m a t e r i a l  and t h e  microorgan- 

i s m s  hea t ed  f o r  15 hours  a t  130°C. It i s  p o s s i b l e  t h a t  a 

s e p a r a t i o n  w a s  also produced f o r  some of t h e  s h o r t e r  h e a t i n g  

t i m e s ;  however t h i s  s e p a r a t i o n  may have been caused by many 

factors  and w i l l  b e  i n v e s t i g a t e d  f u r t h e r .  

P re l imina ry  t es t s  have sugges ted  t h a t  a g r e a t  d e a l  

more work must be done t o  p e r f e c t  t h e  s e p a r a t i o n  method by 
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e x p l o r i n g  d i f f e r e n t  o r g a n i c  s o l v e n t  systems. A t  t h e  same 

t i m e ,  s e v e r a l  d i f f e r e n t  species of microorganisms us ing  both  

v e g e t a t i v e  ce l l s  and s p o r e s  a t  d i f f e r e n t  phases  i n  t h e  micro- 

b ia l  growth c y c l e  w i l l  have t o  be s t u d i e d .  It i s  p o s s i b l e  

t h a t  t h e  s e p a r a t i o n  p a t t e r n  w i l l  be affected by d i f f e r e n t  

growth t empera tu res ,  d i f f e r e n t  growth n u t r i e n t s ,  age and 

o t h e r  f a c t o r s .  The c a t a l y t i c  a c t i v i t y  of enzymes w i l l  be 

determined i n  t h e  h e a t  a f f e c t e d  m a t e r i a l  of each phase i n  

o r d e r  t o  de te rmine  t h e  a b i l i t y  of t h e  microorganisms t o  

r ecove r .  

CONCLUSION 

T h e  r e s u l t s  of t h e  i n i t i a l  experiments  sugges t  t h a t  

i t  may be p o s s i b l e  t o  observe  chemical changes r e s u l t i n g  

' from h e a t i n g  microorganisms. 

FUTURE WOdK 

During t h e  nex t  pe r iod  w e  p l a n  t o  proceed t o  c a r r y  

on t h e  s t u d i e s  f o r  reducing  the  q u a n t i t y  of organisms t h a t  

can  be i d e n t i f i e d  and a t  t h e  same t i m e  t o  proceed w i t h  t h i s  

s tudy  of d i f f e r e n t i a t i n g  between l i v e  and dead b a c t e r i a  by 

s tudy  of t h e  s e p a r a t i o n  p a t t e r n s  us ing  d i f f e r e n t  s o l v e n t  

systems and d i f f e r e n t  microorganisms. 

60 



PUBLICATIONS AND PZESENTATIONS 

D U R I N G  THIS R E P O R T I N G  P E R I O D  

A n t i c i p a t e d  P u b l i c a t i o n  

1. P f l u g ,  I. J.; " i S t e r i l i z a t i o n  Methods". A Chapter  bf 
"Plane tary  Quarant ine :  P r i n c i p l e s ,  Methods and 
Problems" e d i t e d  by Lawrence B. H a l l .  T o  b e  pub- 
l i s h e d  as Monograph Number 6 i n  The Foundat ions 
of Space Biology and Medicine 

- 
- - 

61 


